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(57) Abstract 

The invention provides a compound of formula (I), wherein n is an integer of from 0 to 2; R is an optional substituent; R 1 is hydrogen 
or Ci-salkyl; R 2 is an atom or group selected from hydrogen, Ci-ealkyl (including cycloalkyl and cycloalkylalkyl), Ci^alkoxy, pyrryl, 
thienyl, pyridyl, 13-benzodioxolo, phenyl and naphtbyl, which groups are optionally substituted; R 3 is hydrogen, OH, Ci-ealkyl, Ci-ealkoxy 
or -CCi^acyU R 4 is a group independently selected from Ci^alkyl (including cycloalkyl and cycloalkylalkyl), C2-6aIkenyl, and C2-6alkynyl 
which groups are optionally substituted; R 5 is a group independently selected from Cz-eaDcyl (including cycloalkyl and cycloalkylalkyl), 
C2*alkenyl and Cz^aDcynyl, which groups are optionally substituted; or R 4 and R 5 , together with the carbon atom to which they are aitarbrri, 
form a C3_7Spiro cycloalkyl group which is optionally substituted; R 6 and R 7 are independently selected from hydrogen and Ci^aDcyl; and 
X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 carbon atoms (including the two carbon atoms 
forming part of the thiazepine ring) wherein optionally one or more of the carbon atoms is/are replaced by heteroatom(s) independently 
selected from nitrogen, oxygen and sulphur, or X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (including the two' carbon atoms forming part of the thiazepine ring) wherein one or more of the carbon atoms is/are replaced 
by heteroatom(s) independently selected from nitrogen, oxygen and sulphur, and salts, solvates and physiologically functional derivatives 
thereof, pharmaceutical formulations comprising such compounds, processes for their preparation and their use in reducing bile acid uptake 
and hen c e as hypolipidaemic compounds. 
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HYPOLIPIDAEMIC CONDENSED 1,4-THIAZEPINES 

The present invention is concerned with new hypolipidaemic compounds, with processes 
and novel intermediates for their preparation, with pharmaceutical compositions containing 
them and with their use in medicine, particularly in the prophylaxis and treatment of 
hypolipidaemic conditions, such as atherosclerosis. 

Hypolipidemic conditions are often associated with elevated plasma concentrations of low 
density lipoprotein (LDL) cholesterol and very low density lipoprotein (VLDL) cholesterol. 
Such concentrations may be reduced by decreasing the absorption of bile acids from the 
intestine. One method by which this may be achieved is to inhibit the bile acid active 
uptake system in the terminal ileum. Such inhibition stimulates the conversion of 
cholesterol to bile acid by the liver and the resulting increase in demand for cholesterol 
produces a corresponding increase in the rate of clearance of LDL and VLDL cholesterol 
from the blood plasma or serum. 

There has now been identified a novel class of heterocyclic compounds which reduce the 
plasma or serum concentrations of LDL and VLDL cholesterol and in consequence are 
particularly useful as hypolipidaemic agents. By decreasing the concentrations of 
cholesterol and cholesterol ester in the plasma, the compounds of the present invention 
retard the build-up of atherosclerotic lesions and reduce the incidence of coronary heart 
disease-related events. The latter are defined as cardiac events associated with increased 
concentrations of cholesterol and cholesterol ester in the plasma or serum. 

For the purposes of this specification, a hyperlipidaemic condition is defined as any 
condition wherein the total cholesterol concentration (LDL + VLDL) in the plasma or serum 
is greater than 240mg/dL (6.21mmol/L) (J. Amer. Med. Assn. 25fi, 20, 2849-2858 (1986)). 
USP 3362,962 describes a genus of benzothiazepines outside the scope of the present 
invention which have muscle-relaxant and anticonvulsant activity; there is no disclosure in 
the patent specification that the compounds described therein may be useful as 
hypolipidaemic agents. 

According to the present invention, there is provided a compound of formula (I) 
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(R)l 




(I) 



1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aryl, heteroaryl, 
aryloxy, arylalkoxy, aralkyl, alkaryl, -CKCH^SOsR 1 1, -CKCH^NR 1 l R 12 , 
-OCCH^pN+Rl lRl2Rl4 . C0R 1 1, . C02 Rn -CONRl 1r12 -CH 2 ORl 1, -NRl 1r12, 
-NHCORll, -NHSO2R 11 , -SR", -S0 2 R n , -S0 2 NRHr12, -SO3RH wherein p is an 
integer of from 1 to 4, R 1 1 and R 12 are independently selected from hydrogen, alkyl 
and phenyl, and R 14 is hydrogen or alkyl or R is a group -OCH2O- which forms a 
further ring attached to X, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, 
aralyl and alkaryl groups are optionally substituted by one or more atoms or groups selected 
from halogen, nitro, nitrileTalkyl, alkoxy, -COR 11 , -CO2R 11 , -SO3R 11 wherein R 11 is as 
hereinbefore defined and -NR^R 1 * wherein R 14 is as hereinbefore defined and R 15 is 
hydrogen or C 1 alkyl; 

R 1 is hydrogen or C 1.5 alkyl; 

R2 is an atom or group selected from hydrogen, Ci_g alkyl (including cycloalkyl and 
cycloalkylalkyl), Ci_4 alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl and 
naphthyl, which groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, cyano, nitro, carboxyl, phenyl, phenoxy, benzyloxy, 



-COR 1 !, .CO2R 1 K -CONR 1 *R 12 -CH2OR 1 l f -NR 1 lR 12 , -NHCOR 1 1 , -NHSO2R 11 , 
-SR 1 !, .SO2R 1 ! , -SO3R 1 1 (wherein R 1 1 and R 12 are as hereinbefore defined) 
-0(CH 2 ) p NR 1 *R 12 -0(CH 2 ) p N + R 1 1r12r13 and -0(CH 2 )pS0 3 R 1 1 (wherein p, R 1 1 and 
R 12 are as hereinbefore defined and R 13 is hydrogen or Cj.6 alkyl); 

R 3 is hydrogen, OFLC^g alkyl, alkoxy or -OCi_$ acyl: 



SUBSTITUTE SHEET (RULE 26) 
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R 4 is a group independently selected from alkyl (including cycloalkyl and 

cycloalkylalkyl), C 2 _g alkenyl, and C2-6 alkynyl which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, oxo, Cj^ alkoxy, 
-C0 2 R 14 , -NR14R15 -SR* 4 -S(0)Ci.6 alkyl, -S0 2 R 14 , and -SO3RI 4 (wherein R* 4 and 
Rl5 areas hereinbefore defined); 

is a group independently selected from C 2 _6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 _6 alkenyl and C 2 .g alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, oxo Cj^ alkoxy, 
-C0 2 Rl4 .NR* 4 RlS, . SR 14 j -S(0)Ci. 6 alkyl, -S0 2 R* 4 -SO3RI 4 (wherein R 14 and R*5 
are as hereinbefore defined); 

or R 4 and R 5 , together with the carbon atom to which they are attached, form -a C3.7 spiro 
cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, alkoxy, -CC^R 14 -SO3R 14 and -NRl 4 Rl5 
(where R* 4 and R 1 5 are as hereinbefore defined); 

R 6 andR? are independently selected from hydrogen and C\ m $ alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (including the two carbon atoms forming part of the thiazepine ring) wherein 
optionally one or more of the carbon atoms is/are replaced by heteroatom(s) independently 
selected from nitrogen, oxygen and sulphur; 

or X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (including the two carbon atoms forming part of the thiazepine ring) wherein 
one or more of the carbon atoms is/are replaced by heteroatom(s) independently selected 
from nitrogen, oxygen and sulphur. 

with the proviso that when 1 is an integer of from 0 to 4, R 1 = R 6 = R 7 = H, R 3 = H or OH, 
R2 = unsubstituted phenyl or phenyl substituted by one or more atoms or groups 
independently selected from halogen, nitro, phenylalkoxy, alkoxy, C]^ alkyl and 
-0(CH 2 ) p SO 3 Rll wherein p and are as hereinbefore defined, wherein said 
phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or more halogen 
atoms, and X is a fused phenyl ring, then R 4 is other than a C1.6 straight alkyl group and 
R5 is other than a C 2 _5 straight alkyl group; and 
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salts, solvates and physiologically functional derivatives thereof. 



Preferably the present invention provides a compound of formula (la): 



(R)l 




R 5 
R 4 



(la) 



wherein 

1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aiyl, heteroaryl, 
aryloxy, arylalkoxy, aralkyl, alkaryl, -COR 1 1, -CO2R 1 K -CONR 1 1r12, -CH 2 ORl 1, 
-NR"Rl2 -NHCOR", 1 NHS0 2 R 11 , -SRll, -S02R 11 , -SO3R 11 wherein R 11 and Rl2 
are independently selected from hydrogen, C\ m ^ alkyl and phenyl, wherein said alkyl, 
alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, aralyl and alkaiyl groups are optionally 
substituted by one or more atoms or groups selected from halogen, nitro, nitrile, alkyl, 
alkoxy, -COR 11 , -CO2R 11 , -SO3R 11 wherein R 11 is as hereinbefore defined and - 
NR 14 R!5 wherein R 14 and R 1 * are as hereinbefore defined; * 

R*andR3 are independently selected from hydrogen and alkyl; 

R2 is an atom or group selected from hydrogen, Ci.g alkyl (including cycloalkyl and 
cycloalkylalkyl), Ci_4 alkoxy, pyrryl, tbienyl, pyridyl, 13-benzodioxolo, phenyl and 
naphthyl, which groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, cyano. nitro, carboxyL phenyl, phenoxy, benzyloxy, 



-CORll, -CO2R 1 1, -CONR 1 !R 12 -CH2OR 1 1 -NR 1 *R 12 , -NHCORl -NHSCbR 1 *, 
-SRll, -S0 2 R n , -SO3RH (wherein R 11 and R 12 are independently selected from 
hydrogen. alkyl and phenyl), -0(CH 2 ) NR"r12, -0(CH 2 ) N + rUr12 r 13 



P 



P 



SUBSTITUTE SHEET (RULE 26) 
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-0(CH2) SO3R.I ' (wherein p is an integer of from 1 to 4, and RJ2 are as hereinbefore 
defined and R 13 is hydrogen or Cj.g alkyl); 

R 4 is a group independently selected from Ci_6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-fi alkenyl and C2-6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, C1.4 alkoxy, -CO2RI 4 , 
-NR 14 R 15 , -SO3R 14 (wherein R 14 and R 15 are independently selected from hydrogen and 
C!_ 6 alkyl) and R 16 COR 17 where Rl6 is a Cj-4 alkylene group and R* 7 is a alkyl 
group; 

R5 is a group independently selected from C2-6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C*>.6 alkenyl and C2-6 alkynyl, which groups are optionally substituted by 
one or more atoms or groups independently selected from halogen, Cj_4 alkoxy, -CO2RI 4 , 
-NR 14 R 15 , -SO3R 14 (wherein R 14 and R 15 are independently selected from hydrogen and 
C1-6 alkyl) and-Rl6cORl7 where R 16 is a Cj^ alkylene group and R 17 is a Cj_4 alkyl 
group; 

or R 4 and R 5 , together with the carbon atom to which they are attached, foim a C3.7 spiro 
cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, Ci.fi alkoxy, -CO2R 14 , -SO3R 14 and -NRl 4 Rl5 
(where R 14 and R 15 are as hereinbefore defined; 

. R*> and R 7 are independently selected from hydrogen and Cj.fi alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 10 
carbon atoms (including the two carbon atoms forming part of the thiazepine ring) wherein 
optionally one or more of the carbon atoms is/are replaced by heteroatom(s) independently 
selected from nitrogen, oxygen and sulphur; 

with the proviso that when 1 is an integer of from 0 to 4, Rl = R3 = r6 = R 7 = H, R 2 = 
unsubstituted phenyl or phenyl substituted by one or more atoms or groups independently 
selected from halogen, nitro, phenylalkoxy, Cj^ alkoxy, Cj.fi alkyl and -0(CH2) SO3R 1 1 
wherein p and R 1 1 are as hereinbefore defined, wherein said phenylalkoxy, alkoxy^d alkyl 
groups are optionally substituted by one or more halogen atoms, and X is a fused phenyl 
ring, then R 4 is other than a Cj.fi straight 
alkyl group and R 5 is other than a C2.5 straight alkyl group; and 
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salts, solvates and physiologically functional derivatives thereof. 

Pharmaceutical^ acceptable salts are particularly suitable for medical applications because 
of their greater aqueous solubility relative to the parent, ig basic, compounds. Such salts 
must clearly have a pharmaceutical ly acceptable anion or cation. Suitable pharmaceutical^ 
acceptable acid addition salts of the compounds of the present invention include those 
derived from inorganic acids, such as hydrocholoric, hydrobromic, phosphoric, 
metaphosphoric, nitric, sulphamic and sulphuric acids, and organic acids such as acetic, 
benzenesulphonic, benzoic, citric, ethanesulphonic, fumaric, gluconic, glycollic, isothionic, 
lactic, lactobionic, maleic, malic, methanesulphonic, succinic, p-toluenesulphonic, tartaric 
and trifluoroacetic acids. The chloride salt is particularly preferred for medical purposes. 
Suitable pharmaceutical^ acceptable base salts include ammonium salts, alkali metal salts, 
such as sodium and potassium salts, and alkaline earth salts, such as magnesium and 
calcium salts. 

Salts having a non-pharmaceutically acceptable anion are within the scope of the invention 
as useful intermediates for the preparation or purification of phannaceutically acceptable 
salts and/or for use in non-therapeutic, for example, in vitro, applications. 

The term "physiologically functional derivative" as used herein refers to any physiologically 
acceptable derivative of a compound of the present invention, for example, an ester, which 
upon administration to a mammal, such as a human, is capable of providing (directly or 
indirectly) such a compound or an active metabolite thereof. 

A further aspect of the present invention is prodrugs of the compounds of the invention. 
Such prodrugs can be metabolised in vivo to give a compound according to the invention. 
These prodrugs may or may not be active in their own right 

The compounds of the present invention can also exist in different polymorphic forms, for 
example amorphous and crystalline polymorphic forms. All polymorphic forms of the 
compounds of the present invention are within the scope of the invention and are a further 
aspect thereof. 

The term "alky!" as used herein refers, unless otherwise stated, to a monovalent straight or 
branched chain radical. Likewise, the term "alkoxy" refers to a monovalent straight or 
branched chain radical attached to the parent molecular moiety through an oxygen atom. 
The term "aryl" refers to an aromatic monocyclic or bicyclic ring system comprising from 6 
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to 10 carbon atoms and optionally substituted by one or more atoms or groups selected from 
halogen, nitro, nitrile s alkyl, alkoxy, -COR 11 , -CO2R 11 , -SO3R 11 wherein R 11 is as 
hereinbefore defined and -NR 14 R 15 wherein R 14 and R 15 are as hereinbefore defined. The 
term "heteroaryl" refers to an aromatic monocyclic or bicyclic ring system comprising from 
5 to 10 carbon atoms wherein one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur which ring system 
is optionally substituted by one or more atoms or groups selected from halogen, nitro, 
nitrile, alkyl, alkoxy, -COR 1 1 , -CO2R 1 1 , -SO3R 1 1 wherein R 1 1 is as hereinbefore defined 
and 

-NRHrIS wherein R 14 and R 1 * are as hereinbefore defined. The term "aryloxy" refers to 
an aryl group as herein defined attached to the parent molecular moiety through an oxygen 
atom. The term "arylalkoxy" refers to an aryl group as herein defined attached to a divalent 
Ci_6 alkylene group which is itself attached to the parent molecular moiety through an 
oxygen atom. The term "araikyl" refers to an aryl group as herein defined attached to a 
divalent Cj.g alkylene group which is itself attached to the parent molecular moiety. The 
term "alkaryl" refers to an alkyl group as herein defined attached to an aryl group as herein 
defined which is itself attached to the parent molecular moiety. The term "halogen" refers 
to Fluorine, Chlorine, Bromine and Iodine. 

The compounds of formula (I) can exist in forms wherein one or more of the carbon centres 
-C(R6)(R7>, -C(R 4 )(R5> and -C(R*)(R 2 )- is/are chiral. The present invention includes 
within its scope each possible optical isomer substantially free, k associated with less than 
5%, of any other optical isomers), and mixtures of one or more optical isomers in any 
proportions, including racemic mixtures. 

For the purposes of this specification, the absolute chiralities of -C(R 4 )(R 5 > and 
-CCR 1 )^)- are given in the order -C(R 4 )(R 5 >, then -CCR^CR 2 )-. For example, the prefix 
M (RSy ' denotes an (Reconfiguration at -C(R 4 )(R 5 )- and an (S>configuration at 
-CCR 1 )^)- and the prefix "(RS,SR)-" denotes a mixture of two isomers wherein one is (R> 
at -C(R 4 )(R5). and (S)- at -C(Rl)(R 2 ) and the other is (S)- at -C(R 4 )(R 5 > and (R)- at 
-CCR 1 )^ 2 ). Other permutations will be clear to the skilled person. 

In those cases where the absolute stereochemistry at -C(R 4 )(R 5 )- and -CCR 1 )^ 2 )- has not 
been determined, the compounds of the invention are defined in terms of the relative 
positions of the R 4 /R 5 and R*/R 2 substituents. Thus those compounds wherein the bulkier 
of the R 4 and R 5 substituents, ie the substituent of higher mass, and the bulkier of the R 1 
and R 2 substituents are both located on the same side of the thiazepine ring are referred to 
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herein as "sis", and those compounds wherein the two bulkier substituents are located on 
opposite sides of the ring are referred to as "nans". It will be evident to a skilled person that 
both "cjs" and " trans " compounds of the invention can each exist in two enantiomeric fonns 
which are individually designated "(+)-" or "(->" according to the direction of rotation of a 
plane of polarised light when passed through a sample of the compound. £is or leans 
compounds of the invention in which the individual enantiomers have not been resolved are 
referred to herein using the prefix "(+->". 

Preferred compounds of formula (I) having particularly desirable hypolipidaemic properties 
are the trans isomers of those compounds wherein 

lis 0,1, or 2; 

nis 1 or 2; 

R 1 , R 6 and R 7 are all hydrogen; and 
R^ is hydrogen or hydroxy; and 

X is a fused phenyl, naphthyl, pyrryl, thienyl, or pyridyl group; 
Of these compounds, those wherein 
lisOor 1; 
n is 2; and 

R2 is a group selected from pyrryl, thienyl, pyridyl, phenyl and naphthyl, which groups may 
be substituted by one or more atoms or groups independently selected from halogen, cyano, 
nitro, carboxyl, phenyl, phenoxy, benzyloxy, -COR**, -CO2R 1 -CONR 1 l R 12 , 
-CH 2 ORll, -NRllRl2 -NHCOR^, -NHS0 2 R n , -SR^, -S0 2 R n , -SO3RU (wherein 
R* 1 and R*2 are independently selected from hydrogen, Cj.g alkyl and phenyl), 
-0(CH 2 ) NRl*Rl2 -0(CH 2 ) N + rHr12 R 13 ^d -0(CH 2 ) S0 3 R^ (wherein p is an 
integer of from l to 4, R 1 1 and?^ ^ ^ hereinbefore defined'and R 1 ^ is hydrogen or 
Ci_ 6 alkyl); 



are particularly preferred. 
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Compounds of formula (I) having exceptional hypolipidemic properties include:- . 
(-)-(RR)0-butyl-3-ethy^ 

(+-)-trans-3-((E)-2-butenyl)-3^ ,4-benzothiazepine 1,1- 

dioxide; 

(+-)-trans-3-ethyl-2 r 3A>tetrahydro-3-^^^ 
1,1 -dioxide; 

(+->trans- 1 -(3-ethyl-2,3 ,4,5-tetrahydro-5-phenyl- 1 ,4-benzothiazepin-3-yl)-2-butanoneS,S- 
dioxide; 

(+-)-trans- 1 -(3-ethyl-2,3 ,4,5-tetrahydro-8-methoxy-5-phenyl- 1 ,4-benzothiazepin-3-yl)-2- 
butanone S,S-dioxide hydrochloride 1.1 hydrate; 
(+->tranSr3-(l-butenyI)-3-ethyl-2 ? 3A^ 
hydrochloride 0.4 hydrate; 
(+-)-trans-3-(ethoxyethyl)-3-e^ 
dioxide hydrochloride hemihydrate; 
(+-)-trans-3-(ethoxymethyl>3-ethyl-2^^ 
dioxide hydrochloride; 

(+-)-trans-ethyl 3-(3-ethyl-2,3,4,5-tetrahydro-5-phenyM ,4-benzothiazepin-3-yl)propionate 
1,1 -dioxide; 

(+->ti^-(E)-4-(3-ethyl-2,3,4^^ 
one 1,1 -dioxide; 

(+->2,3,4,5-tetrahydrcK8-methoxy-5-phen^ 
1,1-dioxide; 

(+->trans-3-butyl-3-ethyI-2,3,4,5-tetrahydro-5-(4-pyridyl>l,4 1,1-dioxide; 
(+-)-trans-3-butyl-3 -ethyl-2,3 ,4,5-tetrahydro-4-hydroxy-5-(4-pyridyl)- 1 ,4-benzothiazepine 
1,1-dioxide; 

(+->trans-3-butyl-3-ethyl-23A^ 1,1-dioxide; 
(+-)-trans-3-butyl-3-ethyl-2,3 ,4,5-tetrahydro-5-( 1 H-pyrrol- 1 -yl)- 1 ,4-benzothiazepine 1,1- 
dioxide; 

(+->trans-3-butyl-3-ethyl-2,3,4,^ 
1,1-dioxide; 

(+->trans-3-butyl-3-ethyl-3 ? 4,5,7-tetrahydro-5-phenyl-2H-pyrroloQ 
benzodiazepine 1.1 -dioxide 0.1 hydrate; 

(+->trans-3-buty l-3-ethyl-2 ? 3,4,5-tetrahydro-5-phenylthieno(2 J 3-F)- 1 ,4-benzothiazepine 1,1- 
dioxide; 
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(+-)-trans-3-ethyl-2 ? 3,4,5-tett^ 
1,1 -dioxide; 

(+-)-trans-2,3 ,4.5-tetrahydro-3-isopropyl-3-methy!-5-phenyl - 1 ,4-benzothiazepine 1,1- 

dioxide 025 H2O; 

(+->trans-3-((E)-2-Butenyl^^ 

(+-)-Cis-2 r 3,4,5-Tetrahydro-3 -isopropyl-3-methyl-5-phenyl- 1 ,4-benzothiazepine 1 , 1 -dioxide 
0.66 H 2 0; 

(+->trans-3-(3-Ethyl-2,3,4,5-tetr^ydro-5-phenyl-l ,4-benzothiazepin-3-yl)propanol 1,1 
dioxide; 

(+-)-tira-3-Ethy]-5-(4-Fluorophenyl>2^ 
1 ,4-benzothiazepine 1,1 -dioxide hydrochloride; 

( + ->2,3,4,5-Tetrahydro-7-methoxy-5-phenyispiro( 1 ,4-benzothiazepine-3,l-cyclohexane) 
1,1 -dioxide; 

(+-)-trans-l-(3-Ethyl-2,3,4,5-tetr^ 
butanone S,S-dioxide hydrochloride; 

(+-)-trans-3-butyl-3-ethyl-2,3,4,5-tetrahydro-5-phenybaph& 
1,1 -dioxide; 

(+->trans-l-(3-Ethyl-2,3,4,5-te^^ 

2- butanone S,S-dioxide; 

(+-)-trans-3-(l -butenyl)-3-e±yl-2,3,4,5-tetrahydro-7,8-dimethoxy-5-phenyl -1 ,4- 
benzothiazepine 1 , 1 -dioxide; 

(+-)-trans-l -(3-Ethyl-2,3,4,5-tetrahydro-7 9 8-dimethoxy-5-phebyI-l ,4-benzothiazepin-3-yl> 

3- butanone S,S-dioxide; 
(+^)-trans-l-(3-Ethyl-2,3,4,5-te^ 
butanone S,S-dioxide; 
(+->trans-l-(3-Ethyl-2,3,4,5-tet^ 
1 -butanone S,S-dioxide; 
(+-)-trans-l-(3-ethy^ 
4,4,4-trifluoro-l -butanone S,S-dioxide; 
(+-)-trans-l-(3-ethyl-2,3,4,5-te^^ 
3,3,4,4,4-pentafluoro-2-butanone S,S-dioxide; 

(+-)-trans-l-(3-ethyl-2,3,4,5-tetrahydro-7 J 8-dimethoxy-5-phenyl-U 

4,4,4-trifluqro-2-butanone S,S-dioxide; 

(+-)-trans-3-eftyl-2 ? 3,4,5^ 

benzothiazepine 1 , 1 -dioxide; 

(+-)-trans-l -(3-(2,2;2-trifl 

benzothiazepin-3-yI)-2-butanone S,S-dioxide; 
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(+-)-trans-l -(3-Ethyl-2,3,4 f 5-tetrahydro-7 f 8-diethoxy-5-phenyl- 1 ,4-benzothiazepin-3 -y l)-2- 
butanone S 5 S-dioxide; 

(+-)-ti^O^(3-ethyl-2,3,4,5-tetxahydroO-{2-oxobutyl)-5-phenyl- 1 ,4-benzothiazepin-8- 
yl)oxy)propanesulfonic acid 1,1 -dioxide; " 
(+-)-trans-2-((3-ethyl-2,3,4,5-tetrahy 
yl)oxy)ethyltrimethylammonium iodide LI -dioxide; 

Of these the following compounds are most preferred:- 

(->(RR)-3-butyl-3^ 1 , 1 -dioxide; 

(+-)-trans-l-(3-ethyl-2,3A^ 

butanone S,S-dioxide hydrochloride 1.1 hydrate; 

(+->Cis-2,3,4,5-Tetrahydro-3-isopropyl-3-methyl-5-phenyl- 1 ,4-benzothiazepine 1 , 1 -dioxide 
0.66 H 2 0; 

(+->trans-l-(3-Ethyl-23A5-tetr^ 
2-butanone S,S-dioxide; 

According to further aspects of the invention, there are also provided: 

(a) compounds of formula (I) and pharmaceutical^ acceptable salts, solvates and 
physiologically functional derivatives thereof for use as therapeutic agents, 
particularly in the prophylaxis and treatment of clinical conditions for which a bile, 
acid uptake inhibitor is indicated, for example, a hyperlipidaemic condition such as 
atherosclerosis; 

(b) P harmac eutical compositions comprising a compound of formula (I) or one of its 
pharmaceutical^ acceptable salts, solvates, or physiologically functional derivatives, 
at least one pharmaceutical^ acceptable carrier and, optionally, one or more other 
physiologically active agents; 

(c) the use of a compound of formula (I) or of a pharmaceutical^ acceptable salt, solvate, 
or physiologically functional derivative thereof in the manufacture of a medicament 
for the prophylaxis or treatment of a clinical condition for which a bile acid uptake 
inhibitor is indicated, for example, a hyperlipidaemic condition, such a 
atherosclerosis; 
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(d) a method of inhibiting the absorption of bile acids from the intestine of a mammal, 
such as a human, which comprises administering an effective bile acid absorption 
inhibiting amount of a compound of formula (I) or of a phaimaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the mammal; 

(e) a method of reducing the blood plasma or serum concentrations of LDL and VLDL 
cholesterol in a mammal, such as a human, which comprises administering an 
effective cholesterol reducing amount of a compound of formula (I) or of a 
phaimaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof to the mammal; 

a method of reducing the concentrations of cholesterol and cholesterol ester in the 
blood plasma or serum of a mammal, such as a human, which comprises 
administering an effective cholesterol and cholesterol ester reducing amount of a 
compound of formula (I) or of a phaimaceutically acceptable salt, solvate, or 
physiologically functional derivative thereof to the mamm al; 

a method of increasing the faecal excretion of bile acids in a mamm a] such as a 
human, which comprises administering an effective bile acid faecal extraction 
increasing amount of a compound of formula (I) or of a pharmaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the mammal; 

a method for the prophylaxis or treatment of a clinical condition in a mammal, such as 
a human, for which a bile acid uptake inhibitor is indicated, for example, a 
hyperlipidaemic condition, such as atherosclerosis, which comprises administering a 
therapeutically effective amount of a compound of the formula (I) or of a 
pharmaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof to the mammal; 

a method of reducing the incidence of coronary heart disease-related events in a 
mammal, such as a human, which comprises adminstering an effective coronary heart 
disease-related events reducing amount of a compound of formula (I) or of a 
pharmaceutically acceptable salt, solvate, or physiologically functional derivative 
thereof; 

0) a method of reducing the concentration of cholesterol in the 



(g) 



00 
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blood plasma or serum of a mammal, such as a human, which comprises 
administering an effective cholesterol reducing amount of a compound of formula (I); 

(k) processes for the preparation of compounds of formula (I) (including salts, solvates 
and physiologically functional derivatives thereof as defined herein); and 

(1) Compounds of formula (II) for use as intermediates in the preparation of compounds 
of formula (I). 

Hereinafter all references to "compound(s) of formula (I) M refer to compound(s) of formula 
(I) as described above together with their salts, solvates and physiologically functional 
derivatives as defined herein. 

The amount of a compound of formula (I) which is required to achieve the desired 
biological effect will, of course, depend on a number of factors, for example, the specific 
compound chosen, the use for which it is intended, the mode of administration and the 
clinical condition of the recipient In general, a daily dose is in the range of from 0.000 lmg 
to lOOmg, typically from 0.000 lmg to 5mg, per day per kilogram bodyweight, for example, 
0.005-0.5mg/kg/day, preferably 0.00 lmg to 0.5 mg/kg/day. An intravenous dose can, for 
example, be in the range of from 0.00 lmg to 0.5 mg/kg, which can conveniently be 
ad mini stered as an infusion of from 0.03ng to 50ng per kilogram per minute. Infusion fluids 
suitable for this purpose can contain, for example, from 0.0003ng to 5mg, typically from 
O.OOSng to 5mg, per millilitre. Unit doses can contain, for example, from 0.0 lmg to lOmg 
of the active compound, preferably from 0.1 to 5mg. Thus ampoules for injection can 
contain, for example, from 0.0 lmg to lOOmg and orally administrate unit dose 
formulations, such as tablets or capsules, can contain, for example, from 0.01 to lOOOmg, 
typically from 0.01 to 60mg, preferably from O.lmg to lOmg. In the case of 
pharmaceutical^ acceptable salts, the weights indicated above refer to the weight of the 
benzodiazepine ion derived from the salt. 

For the prophylaxis or treatment of the conditions referred to above, the compounds of 
formula (I) can be used as the compound pgr S£> but are preferably presented with an 
acceptable carrier in the form of a pharmaceutical composition. The carrier must, of course, 
be acceptable in the sense of being compatible with the other ingredients of the composition 
and must not be deleterious to the recipient. The carrier can be a solid or a liquid, or both, 
and is preferably formulated with the compound as a unit-dose composition, for example, a 
tablet, which can contain from 0.05% to 95% by weight of the active compound. Other 
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pharmacologically active substances can also be present including other compounds of 
formula (I). The pharmaceutical compositions of the invention can be prepared by any of 
the well known techniques of pharmacy consisting essentially of admixing the components. 

Pharmaceutical compositions according to the present invention include those suitable for 
oral, rectal, topical, buccal (e.g. sub-lingual) and parenteral (e.g. subcutaneous, 
intramuscular, intradermal, or intravenous) administration, although the most suitable route 
in any given case will depend on the nature and severity of the condition being treated and 
on the nature of the particular compound of formula (I) which is being used. Enteric-coated 
and enteric-coated controlled release formulations are also within the scope of the invention. 
Suitable enteric coatings include cellulose acetate phthalate, polyvinylacetate phthalate, 
hydroxypropylmethylcellulose phthalate and anionic polymers of methacrylic acid and 
methacrylic acid methyl ester. 

Pharmaceutical compositions suitable for oral administration can be presented in discrete 
units, such as capsules, cachets, lozenges, or tablets, each containing a predetermined 
amount of a compound of formula (I); as a powder or granules; as a solution or a suspension 
in an aqueous or non-aqueous liquid; or as an oil-in-water or water-in-oil emulsion. As 
indicated, such compositions can be prepared by any suitable method of pharmacy which 
includes the step of bringing into association the active compound and the carrier (which 
can constitute one or more accessory ingredients). In general, the compositions are prepared 
by uniformly and intimately admixing the active compound with a liquid or finely divided 
solid carrier, or both, and then, if necessary, shaping the product For example, a tablet can 
be prepared by compressing or moulding a powder or granules of the compound, optionally 
with one or more assessory ingredients. Compressed tablets can be prepared by 
compressing, in a suitable machine, the compound in a free-flowing form, such as a powder 
or granules optionally mixed with a binder, lubricant, inert diluent and/or surface 
active/dispersing agent(s). Moulded tablets can be made by moulding, in a suitable 
machine, the powdered compound moistened with an inert liquid diluent 

Pharmaceutical compositions suitable for buccal (sub-lingual) administration include 
lozenges comprising a compound of formula (I) in a flavoured base, usually sucrose and 
acacia or tragacanth, and pastilles comprising the compound in an inert base such as gelatin 
and glycerin or sucrose and acacia. 

Pharmaceutical compositions suitable for parenteral administration conveniently comprise 
sterile aqueous preparations of a compound of formula (I), preferably isotonic with the 
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blood of the intended recipient These preparations are preferably administered 
intravenously, although administration can also be effected by means of subcutaneous, 
intramuscular, or intradermal injection. Such preparations can conveniently be prepared by 
admixing the compound with water and rendering the resulting solution sterile and isotonic 
with the blood. Injectable compositions according to the invention will generally contain 
from 0.1 to 5% w/w of the active compound. 

Pharmaceutical compositions suitable for rectal administration are preferably presented as 
unit-dose suppositories. These can be prepared by admixing a compound of formula (I) 
with one or more conventional solid carriers, for example, cocoa butter, and then shaping 
the resulting mixture. 

Pharmaceutical compositions suitable for topical application to the skin preferably take the 
form of an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which can be 
used include vaseline, lanoline, polyethylene glycols, alcohols, and combinations of two or 
more thereof. The active compound is generally present at a concentration of from 0.1 to 
15% w/w of the composition, for example, from 0.5 to 2%. 

Transdermal adminstration is also possible. Pharmaceutical compositions suitable for 
transdermal administration can be presented as discrete patches adapted to remain in 
•intimate contact with the epidermis of the recipient for a prolonged period of time. Such 
patches typically contain the active compound in an optionally buffered, aqueous solution, 
dissolved and/or dispersed in an adhesive, or dispersed in a polymer. A suitable 
concentration of the active compound is about 1% to 35%, preferably about 3% to 15%. As 
one particular possibility, the active compound can be delivered from the patch by 
electrotransport or iontophoresis, for example, as described in Pharmaceutical Research . 
2(6), 318 (1986). 

The compounds of the invention can be prepared by conventional methods known to a 
skilled person or in an analogous manner to processes described in the art. 

For example, compounds of formula (I) wherein n = o and R* and are hydrogen can be 
prepared by reducing the imine bond of a compound of formula (II) 



SUBSTITUTE SHEET (RULE 26) 



WO 94/18183 



16 




PCT7GB94/00299 



(ID 



wherein 1, R, r2, R4 to R 7 and X are as hereinbefore defined, using, for example, a metal 
hydride compound, such as borane, in a suitable solvent, such as THF, or when n is 1 or 2 in 
formula (I) catalytic hydrogenation using, for example, a palladium catlalvst, such as 10% 
Pd/C. 



Compounds of formula (II) as herein denned are considered to be novel and constitute a 
further aspect of the present invention. 

Compounds of formula (II) can be prepared by cyclising compounds of formula (IE) 



(HI) 




Wherein L R, R 2 , R« to R 7 and X are as hereinbefore defined, by, for example, azeotropic 
distillation or refiuxing in the presence of a suitable drying agent, such as molecular sieves, 
in a suitable solvent, for example, 2,6-lutidine, in the presence of an acid, such as HQ. 

Compounds of formula (HI) can be prepared by reacting a compound of formula (TV) 



.SH 



X 0 



(TV) 
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wherein 1, R, R 2 and X are as hereinbefore defined, with a compound of formula (V) or 
preferably with a compound of formula (Va) 





(Va) 



OSO 



wherein R 4 to R 7 are as hereinbefore defined, typically in a polar solvent, for example, 
methanol. 

Compounds of formula (TV) can be prepared by hydrolysis of a compound of formula 
PCOI): 



0 

ii 

-SCN(alkyl)2 



(xxn) 



wherein 1, X, R and R 2 are as hereinbefore defined with, for example, a base such as KOH 
in methanol/THF. Preferably alkyl is methyl or ethyl. 



Compounds of formula (XXII) can be prepared by heating of a compound of formula 
(XXHI) 
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ii 

OCN(alkyl) 2 



(xxm) 



wherein 1, X, R and R 2 are as hereinbefore defined in a non-polar solvent such as (Ph)20. 

Compounds of formula (XXHI) can be prepared by reaction of a compound of formula 
(XXTV) 



(XXTV) 



wherein 1, X, R and R 2 anras hereinbefore defined, with halo-CSN(alkyl)2, &r example, CI 
CS NMeo in a suitable solvent such as DMAP/Et3N. 

Compounds of formula (IE) can also be prepared by reacting a compound of formula 

(xvm) 



X 

(R)i f 



(xvm) 



Wherein 1, R, R 2 and X are as hereinbefore defined and L is a suitable leaving group, for 
example, halogen, with a compound of formula HSC(R6)(R 7 )C(R 4 )(R5)NH-5 wherein R 4 to 
R7 are as hereinbefore defined. 

Compounds of formula (XVIII) can be prepared by reacting a compound of formula (XIX) 
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X 



(XIX) 



(R)i 



'COoH 



wherein 1, L, R and X are as hereinbefore defined, with a compound of formula R 2 H 
wherein R 2 is as hereinbefore defined, typically by a Friedel-Crafts reaction using, for 
example, aluminium chloride. 

Alternatively, compounds of formula (XVm) can be prepared by reacting a compound of 
formula (XVIIIa) 




(XVHIa) 



wherein 1, L, R and X are as hereinbefore defined with a suitable acid halide, e.g. R 2 COCl 
wherein R 2 is as hereinbefore define! by a Friedel-Gafts reaction using, for example, 
aluminium chloride. 

Compounds of formula (III) wherein R 4 is -CH2OH can also be prepared by hydrolysis, 
preferably with base, of a compound of formula (XVIIa) 




(XVHa) 
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wherein 1. R, R 2 R 5 to R 7 and X are as hereinbefore defined, using, for example, KOH in 
aqe. eihanol. 

Compounds of formula (XVII) can be prepared by reacting a compound of formula (IV) 
wherein m, R, R 2 and X are as hereinbefore defined, with a compound of formula (XII) 




O 



wherein R^ to R? are as hereinbefore defined and L f is a suitable leaving group, for 
example, -OTosyl, typically in a polar aprotic solvent, such as DMF, in the presence of a 
base, for example, NaR 

Compounds of formula (IV) can be prepared by reacting a compound of formula (VI) 



,SH 



(VI) 



(R)l 



wherein 1, R and X are as hereinbefore defined, with a compound of formula R 2 CN wherein 
R 2 is as hereinbefore defined. The reaction is typically carried out by metalation of 
compound (VI) using, for example, n-butyl lithium in the presence of NXN^- 
tetramethylethylenediamine (TMEDA) followed by reaction with the appropriate nitrile in a 
non-polar solvent, for example, cyclohexane. 
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Compounds of formula (IV) can also be prepared by reacting a compound of .formula 
(XVIII) as hereinbefore defined with sodium sulphide (NaSH) or by metalation when L is 
halogen followed by reaction with sulpur. 

Alternatively, compound of formula (IV) can be prepared from a compound of formula 
(XVIIIb) 



(xvmb) 



(R)i 



C 2 . 6 alkyl 



wherein 1, R, R 2 , X and L are as hereinbefore defined and preferably C2-6 alkyl is 
-CH2CH2- or -CH2-C(Me)2-CH2-, by metalation of a compound of formula (XVDIa) 
using, for example, magnesium or n-butyllithium followed by reaction with sulfur (Sg) and 
hydrolysis of the alkylenedioxy protecting group with, for example, acid. 

Compounds of formula (XVIIIb) can be prepared from the corresponding compounds of 
formula (XVm) by reaction with the appropriate C2-6 did, preferably 1, 2-ethanediol or 
2,2,-dimethyl-l,3-propanediol in a suitable solvent, for example toluene and preferably in 
the presence of a catalyst such as p-toluenesulfonic acid. 

Compounds of formulae (V), (Va), (XIX), (XII), (VI) and R 2 CN as hereinbefore defined 
can be obtained commercially or prepared by methods known to those skilled in the art or 
obtainable from the chemical literature. Thus compounds of formula (V) can be prepared 
from the corresponding 2-substituted 2-aminoethanols, or from compounds of formula (Va) 
and compounds of formula (XH) from the corresponding 2-substituted-2amino- 1 ,3- 
propanediols 2-substituted-2-aminoethanols and 2-substitined-2-amino- 1 ,3 -propanediols can 
be obtained commercially or ..prepared by methods known to those skilled in the art or 
obtainable from the chemical literature. 

Compounds of formula (I) wherein n = 0 and R 1 is not hydrogen can be obtained by 
reacting the corresponding compound of formula (II) with, for example, an organometallic 



SUBSTITUTE SHEET (RULE 26) 



WO 94/18183 



PCT/GB94/00299 



22 

compound, such as R^LL K 1 C\l R*Zn, or R*MgBr wherein R 1 is as hereinbefore defined 
other than hydrogen. 

Compounds of formula (I) wherein n = o and R^ is hydrogen can also be prepared by 
cyclising a compound of formula (VIII) 




(vm) 



wherein 1, R, R 1 , R2 r4 t0 r7 ^ X are as hereinbefore defined and V is halogen, for 
example, bromine, by treatment with strong base, for example, n-butyl lithium, in a suitable 
solvent, such as THF, at a io$y temperature, for example, -78°C. 

Compounds of formula (VIE) can be prepared by reaction of a compound of formula (DC) 




wherein 1, L\ R, to R? and X are as hereinbefore defined, with a compound of formula 
CO wherein R 1 and R 2 are as hereinbefore defined. The reaction is typically carried 
out in a non-polar solvent, for example, toluene, in the presence of an acid, such as p- 
toluenesulphonic acid. 
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Compounds of formula (IX) can be prepared by reacting a compound of formula (XI) 




(XI) 



wherein 1, L 1 , R and X are as hereinbefore defined, with a compound of formula (V) wherein 
R 4 to R 7 are as hereinbefore defined, typically in a polar solvent, such as methanol. 

Compounds of formula (IX) can also be prepared by reacting a compound of formula (XI) 
as hereinbefore defined with a compound of formula (XVII) 

* 5 R 6 

R 4 -J — t— r 7 (xn) 



V 



wherein R 4 to R 7 are as hereinbefore defined, in the presence of a Lewis acid, for example, 
lithium chloride, at an elevated temperature, such as 1 70-21 0°C. 

Compounds of formulae R 1 R 2 C=0 as hereinbefore defined, (XI) and (XVII) can be 
obtained commercially or prepared by methods known to those skilled in the art or 
obtainable from the chemical literature. Thus compounds of formula (XI) may be prepared 
from the corresponding disulphides and compounds of formula (XVII) from the 
corresponding 2-substituted 2-aminoethanols. 

Compounds of formula (I) wherein n = o and R 1 and are both hydrogen can also be 
obtained by reacting a compound of formula (XIII) 
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pan) 



wherein I, R, R 4 to R 7 and X are as hereinbefore defined, using, for example, an 
organometallic compound, such as R 2 Li, R 2 Cu, R 2 Zn, or R 2 MgBr wherein R 2 is as 
hereinbefore defined 

Compounds of foimula (XM) can be prepared by dehydrogenating the corresponding 
compound of formula (XTV) 




(XIV) 



wherein 1, R, R 4 to R 7 and X are as hereinbefore defined, using, for example, an oxidising 
agent, such as 23^chloro-5,6-dicyano-l,4-ben2oquinone (DDQ), in a suitable solvent, 
such as toluene, or preferably KM n C>4 suitable solvent, such as t-butanol/H20. 

Alternatively, compounds of formula (Xm) can be prepared by reacting a compound of 
formula (IV) wherin R 2 is hydrogen with a compound of formula (V) or (Va). 

Compounds of formula (XIV) can be prepared by reducing the amide carbonyl group of the 
corresponding compound of formula (XV) 
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wherein 1, R, R 4 to R 7 and X are as hereinbefore defined, using, for example, lithium 
aluminium hydride. 

Compounds of formula (XV) can be prepared by reacting a compound of formula (XVI) 




(XVI) 



wherein 1, R and X are as hereinbefore defined and Z is Cj-4 alkoxy, for example, methoxy, 
with a compound of fonnuhr(V) or (Va) wherein R 4 to R 7 are as hereinbefore defined. 

The compound of formula (XVI) wherein X is benzo can be prepared from a suitably (R)j 
substituted 2,2 f -dithiosalicylic acid or when l=o from commercially available 2,2- 
dithiosalicyclic acid by methods known to those skilled in the art Compounds of formula 
(XVI) wherein 1 is not 0 can be obtained commercially or prepared by methods known to 
those skilled in the art or obtainable from the chemical literature. 

Alternatively compounds of formula (I) wherein n=o and R^ is hydrogen can be prepared by 
cyclising a compound of formula (XXIX) 
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(XXIX) 



wherein 1, X, R 1 , R2, and R 4 to R 7 are as hereinbefore defined by reaction with a non- 
nucleophilic base such as LD A. which can then be reacted with oxone to give compounds of 
formula (I) wherein n=2. 

Compounds of formula (XXIX) can be prepared from compounds of formula (XXX) 




(XXX) 



wherein 1, X, and R 4 to R 7 are as hereinbefore defined , by reaction with R 2 CHO wherein * 
R2 is as hereinbefore defined. 

Compounds of formula (XXX) can be prepared by reaction of compound of formula (V) 
with compounds of formula (VI). 

Compounds of formula (I) can also be prepared starting from compounds of formula (XXI) 
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R7 




(XXI) 



wherein X, 1, R, R- and R5 to R 7 are as hereinbefore defined, by steps well known in the 
art 

Compounds of formula (XXI) can be prepared by following methods described herein 
which methods will be obvious to one skilled in the art 

Compounds of formula (XXI) can also be prepared by reaction of compounds of formula 
(II) wherein R4=CH 2 OH by oxidation of the alcohol with, for example, S0 3 pyridine in 
Et 3 N/DMSO. 

Compounds of formula (I) wherein R3 = OH, C^ alkoxy or -0 C^ acyl can be prepared 
from compounds <jf formula (I) wherein R3 is hydrogen by oxidation of the nitrogen with, 
for example, oxone® (potassium peroxyminosulphate) in methanol/water optionally 
followed by reactions known in the art 

Compounds of formula (I) wherein X=pyrrolo can be prepared from compounds of formula 
(XXVI) 




(XXVI) 



wherein P is a protecting group such as tri-isopropylsilyl, and R, 1 and R2 are as 
hereinbefore defined, by refluxing with NaOH followed by reaction with a compound of 
formula (V) or (Va) in a suitable solvent such as methanol. The resulting compound 
(XXVn) 
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.0 N 4 



HN 



(XXVII) 



wherein R2 r4 r 5 ( r 6 and R? are as hereinbefore defined, is then reacted with for 
example lutidine/TSOH to give a compounds of formula (II) wherein l=o and X is pyrrolo. 
These compounds can then be convened into compounds of formula (I) as previously 
described or by reaction with 1) BH3/THF and 2) N-methyl morpholine-N-oxide, 
OsCtytBuOH/THF at room temperature. 

Compounds of formula (XXVI) can be prepared from compounds of formula (XXVIa) 



(XXVIa) 



wherin P is as defined hereinbefore and can be the same or different, by reacting a 
compound of formula (XXVIa) with suitable acid halide compound, such as R2C0C1, 
wherein R2 is as hereinbefore defined, by a Friedel-Crafts reaction using, for example, 
aluminum chloride. 



The compounds of formula (XXVIa) can be prepared by first reacting pyrrole with a strong 
base, for example n-butyUithium in an aprotic solvent such as THF, followed by N- 
protection with, for example TIPS-C1 (tri-isopropylsilyl chloride). The resulting N- 
protected pyrrole is halogenated with, for example N-bromosuccimmide (NBS), followed 
by metalation with, for example t-burylithium and reaction with sulphur (Sg). The resulting 
sulphur compound is further S-protected with, for example, TIPS-C1. 

Compounds of formula (I) wherein X=pyrridyl can be prepared from compounds of 
formula (XVIII) wherein X=pyrridyl by reaction with for example, NaSH/DMSO and a 
compound of formula (V) or (Va). The resulting compound of formula ail) wherein X is 
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pynidyl. and R. 1. R2, and R 4 to R 7 are as hereinbefore defined can be converted to a 
compound of formula (II) wherein X=pyrridyi as previously described. These compounds 
of formula (II) can then be convened to compounds of formula (I) as previously described 
herein. 

Compounds of formula (I) wherein R 4 is, for example, -CH2CH=CHCH3, can be 
hydrochlorinated using, for example, gaseous hydrogen chloride, to give the corresponding 
compound of formula (I) wherein R 4 is -CH 2 CHC1CH 2 CH 3 . Other functional group 
conversions will be readily apparent to one skilled in the art, for example the compound of 
formula (I) wherein R 4 is -CH 2 CHC1CH 2 CH 3 can be hydrolysed using, for example basic 
H2O2, to give the corresponding compound of formula (I) wherein R 4 is 
-CH2CH(OH)CH 2 CH3. This alcohol can be oxidized to the corresponding ketone by 
known methods for example S03/pyridine and E13N in DMSO. Compounds of formula (I) 
wherein R 4 is, for example, -CH 2 CH 2 COCH3 can be prepared by reducing and 
hydroxylating a compound of formula (I) wherein R 4 is C 2 ^ alkenyl using, for example 
diborane followed by acidification and subsequent oxidation with basic H2O1. The 
resulting hydroxy compound can then be oxidized to the corresponding ketone by know 
methods, for example S0 3 /pyridine and Et 3 N in DMSO. Alternatively, the compound of 
formula (II) wherein R 4 is -CHO can be aikenylated using a wittig reagent having an alkyl 
ketone and n-butyllithium to give the corresponding compound of formula (II) wherein R 4 
is C 2 .6 alkenyl substituted by OXO, followed by reduction of the alkene by methods 
described herein or known to one skilled in the art or available in the literature. 

Compounds of formula (I) wherein n = 0 and R3 is not hydrogen can be prepared by N- 
alkylation of the corresponding compound of formula (II) with an alkyl halide, such as 
methyl iodide, in a polar solvent, for example, acetonitrile, prior to reduction to the 
compound of formula (I). 

Compounds of formula (I) wherein n = 1 or 2 can be prepared by oxidation of the 
corresponding compound of formula (I) wherein n = 0 or by oxidation of the corresponding 
compound of formula (HI) wherein n = 0 prior to cyclisation and reduction to the 
compound of formula (I) using suitable oxidation conditions, for example, in the case where 
n is to be 2, 30% aqu. 1^0 in the presence of trifluoroacetic acid. 

Individual optical isomers of compounds of formula (I) substantially free, of other optical 
isomers can be obtained either by chiral synthesis, for example, by the use of the appropriate 
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chiral starting material(s), such as the aaridine (V), or by resolution of the products 
obtained from achiral syntheses, for example, by chiral hplc. 

Optional conversion of a compound of formula (I) to a corresponding acid addition salt may 
be effected by reaction with a solution of the appropriate acid, for example, one of those 
recited earlier. Optional conversion to a corresponding base salt may be effected by 
reaction with a solution of the appropriate base, for example, sodium hydroxide. Optional 
conversion to a physiologically functional derivative, such as an ester, can be carried out by 
methods known to those skilled in the art or obtainable from the chemical literature. 

For a better understanding of the invention, the Mowing Examples are given by way of 
illustration and are not to be construed in any way as limiting the scope of the invention. 

Saafaatifi FvaT nplf i 



I. 



Preparation of r-UBB^.^^i.^thvi.? 3 l SjE g ahvdi a = 5= 
ohenvM .^tmra^tnm^ \ , 1 ^i nY irf>. 



(a) Ethvl 2-aminnhtitvraTA h^dtOShloridfi 

A slurry of 2-an^autyric acid (lOOg, Aldrich) in absolute ethanol (300ml) was 
stirred under nitrogen at 0°C and thionyl chloride (120.8g) was added dropwise. The 
reaction was stirred overnight at 0°C and then gradually wanned to room 
temperature. The resulting white sluny was heated under reflux for 3 hours, left to 
cool for 10 minutes, then poured into chilled diethyl ether (600ml) with hand stirring. 
The suspension was filtered and the solid product dried to give the desired product 
(150g) as a white solid. 2 H NMR consistent with proposed structure. 

(°) Ethvl 2-hen7v[iri ff nP fl mj n p^ irmTr 

A solution of the product from step (a) (149.6g), magnesium sulphate (74 Jg), and 
triethylamine (246ml) in dichloromethane (1500ml) was stilted at room temperature 
under nitrogen and benzaldehyde (94.9g, Aldrich) was added dropwise. The mixture 
was stirred at room temperature for 3 hours then filtered. The filtrate was 
concentrated, triturated in diethyl ether, filtered and concentrated to yield the desired 
product as a yellow oil (174g). ! H NMR consistent with the proposed structure. 
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(c) f-'>-Fthvl?.-benz\'lideneaminn.-7. P rhvlh Py ^ nrf , T r 

Sodium hydride (32.5g, 60% dispersion in oil) and N,N-dimemyIformamide (DMF) 
(700ml) were stirred under nitrogen at room temperature and a solution of the product 
from (b) (178.1g) in DMF was added dropwise. After 2 hours stirring at room 
temperature, a solution of butyl iodide (149.5g) in DMF was added dropwise and the 
reaction left stining for a further 2 hours. The reaction was poured into an ice cold 
mixture of water (560ml), diethyl ether (300ml) and ammonium chloride (120g). The 
resulting organic layer was dried over potassium carbonate then concentrated to give 
the desired product as a brown oil (220g). 

(d) (+-)-Ethv1?- a mTno.7-^thvlh P y i1f n f , TP 

The product from (c) (233.0g) was partitioned between petroleum ether and 10% w/w 
hydrochloric acid (421ml) and stirred at room temperature for 2 hours. The aqueous 
layer was extracted twice with petroleum ether and then chilled with ethyl acetate in 
an ice-salt bath. Sodium hydroxide pellets were added to the mixture until the 
aqueous layer was at pH 10. The latter was extracted twice with ethyl acetate and the 
combined ethyl acetate layers were dried over potassium carbonate, then concentrated 
and vacuum distilled to give the desired product as a colourless oil. *H NMR 
consistent with the proposed structure. 



(e) (+-V2-Amino-?-erhvlhpy a T,.i -»| 

Lithium aluminium hydride (22.2g) was added to anhydrous diethyl ether (450ml) 
under nitrogen. The product from (d) (129.0g) was diluted with diethyl ether (40ml) 
and added dropwise. The reaction was refluxed for 1 hour then cooled to room 
temperature. 1M sodium hydroxide (23ml) was added dropwise followed by 
deionised water. The resulting suspension was filtered and the filtrate concentrated to 
give the desired product as a colourless oil (87.9g). l K NMR consistent with the 
proposed structure. 

(f) (+-V2-Butvl-VThYlfi7irir1inft 

Acetonitrile (150ml) and the product from (e) (20.0g) were mixed under nitrogen, 
cooled to 2-3°C and chlorosulphonic acid (16.0g, Aldrich) was added dropwise 
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keeping the temperature below 10°C. The coolant was removed and the slurry left to 
stir for 80 minutes at room temperature. The reaction was concentrated in vacuo and 
co-distilled with water (50ml). 50% Aqueous sodium hydroxide (55.2g) and water 
(50ml) were added and the mixture was distilled at atomospheric pressure. The 
organic layer was collected from the distillate and dried with solid potassium 
hydroxide to give the desired product (12.8g). *H NMR consistent with proposed 
structure. 

(g) 2-Thipbgnzpphenone 

A solution of NJ^^-tetramethylethylenediamine (TMEDA) (104.6g) in 
cyclohexane (500ml) was cooled and 2.5M n-butyl lithium (360ml) was added. A 
solution of thiophenol (50.0g) in cyclohexane (100ml) was added slowly to the butyl 
lithium solution and the reaction was stirred at room temperature overnight 
Benzonitrile (46.4g, Aldrich) in cyclohexane (100ml) was added to give a slurry 
which was stirred overnight at room temperature. Water (500ml) was added and the 
mixture stirred for 30 minutes then the aqueous layer was separated and treated with 
solid sodium hydroxide to give pH 14. The solution was boiled for 90 minutes, 
cooled to room temperature and acidified to pH 1-2 with cone. HC1. The acidic 
solution was extracted with dichloromethane and the combined extracts dried, then 
concentrated to give'a red oil. The oil was treated with 1M aqu. NaOH, extracted 
with dichloromethane and the aqueous layer separated and treated with cone. HC1 
acid to give an oil. The oil was extracted into dichloromethane and the combined 
extracts dried, then concentrated to give the desired product as an orange-red oil 
(83.4g). *H NMR consistent with proposed structure. 

The product from (g) was dissolved in methanol (to a' total volume of 250ml) and an 
equimolar amount of the product from (f) in methanol (total volume 120ml) was 
added over 20 minutes. The mixture was stirred at room temperature for 75 minutes 
then concentrated in vacuo to give a dark red oil. This oil was taken up in diethyl 
ether (400ml) and filtered to remove contaminating solids. The desired product was 
left as a solution in ether for use in (i). NMR consistent with proposed structure. 

(i) f^V3-BuTvl-i-eihv1-5-phenYl-2.3-dihvdrohen7;oihi^gpine 
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1M Ethereal hydrochloric acid (275ml) was added to a solution of the product from 
(h) (85.0g) in diethyl ether and the mixture was concentrated in vacuo . The residue 
was azeotropically distilled by addition of 2,6-lutidine (175ml) and refluxing in a 
Dean-Stark apparatus overnight. The mixture was concentrated in vacuo , neutralised 
by addition of 5% sodium bicarbonate then the minimum volume of ethyl acetate was 
added to dissolve the red oil. The organic layer was separated, washed with brine, 
dried and concentrated. The crude residue was purified by column chromatography 
on silica using toluene as eluant Concentration of the relevant fractions gave the 
desired product (63 Jg) of an orange oil. *H NMR consistent with the proposed 
structure. 

0) r+-)-Tnffl^ 

benzothiazepine 

1M Diborane (21 1ml in THF) was added over 45 minutes to a solution of the product 
from (i) (63.7g) in THF under nitrogen. Reaction was stirred at room temperature for 
17 hours. 50% Hydrochloric acid (125ml) was added and the mixture was 
concentrated in vacuo . The residue was partitioned between aqu. NaOH and ethyl 
acetate, the organic layer was separated, dried and concentrated to give an 
orange-yellow oil (67.5g) comprising sis and Jrans isomers which was 
chromatographed on" silica using toluene as eluant to give the desired product as a 
pale yellow oil (27.3g). *H NMR consistent with the proposed structure. 

(k) f^VTrans^-Butvl^-ethvl^.^^.g-tetrahydm-S -phenvl-l.^ 
benzodiazepine 1 

30% Aqueous hydrogen peroxide (73.1g) and trifluoroacetic acid (TFA) (225ml) were 
cooled and a solution of the product from Q) (70.0g) in TFA (200ml) was added. The 
reaction was stirred at room temperature for 24 hours, then added to water (1000ml) 
and basified with solid sodium hydroxide. The resulting insoluble solid was filtered 
og; wanned with 1M aqu. NaOH and extracted into ethyl acetate. The combined 
extracts were evaporated in vacuo to give the desired product (69.0g). *H NMR 
consistent with the proposed structure. 

(1) ^>raRV3-Buw]-3-ethv1-^ 
benzodiazepine I.Uriinvirie 
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The product from (k) (208.3g) was mixed with diethyl ether (1500mi) and 
(-)-di-jHoluoyl-L-tanaric acid (225.2g, Schweitzerhall) in diethyl ether added. On 
standing, a white solid precipitated which was filtered off and recrystallised from 
acetone/hexane to give the desired product as the acid salt The title compound was 
liberated from its salt by treatment with 1M aqu. NaOH and extracted with ethyl 
acetate. The combined extracts were evaporated in vgsajc to give the desired product 
as a white solid (83.0g), mp 115-1 16°C. 

Analysis: Calcd. C 70.55; H 7.61; N 3.92; S 8.97 
Found: C 70.58; H 7.56; N 3.96; S 8.88 

! H NMR (DMSO-dg), 6: 0.81-0.92 (6H, m, 2xCH 3 ); 1.15-1.40 (4H, m, 2xCR,); 
1.47-1.70 (3H, m, + NH); 1.80-1.90 (1H, m, City; 2.13-224 (1H, m, CH^)j 
3.07-3.46 (2H, q, CH^); 6.09 (1H, s, CHPh); 6.71-6J4 (1H, m, ArH); 7.26-7.41 
(7H, m, ArH); 8.10-8.13 (1H, m, ArH) 

Synthetic Pv^plff 2 



Preparation Of r+->-trans-3^rF>-2.hm e nvlV^thvl^ .3.4. S-t^h y drn-S-phgnvl.] 4 
benzothiarenine l .l^mvnff 



Using crotyl bromide in place of butyl iodide in step(c) of Synthetic Example 1, the title 
compound was prepared in an analagous manner to give a colorless oil. 1 H NMR consistent 
with the proposed structure. 

ft) 3-Ethvl-7-f7-bMtenvl>-5-nhenv1-7.^nivrirnhPn^th;^ p r j T1 0 

This compound was prepared following the procedure of Synthetic Example 1 (i), using the • 
products from Synthetic Example 2(a)(9.0g) and Synthetic Example l(g)(15.0), but 
replacing ethereal HCL with cone. HC1(6 ml). Chromatography on silica using 
hexanes/EtOAc(9: 1) as eluant afforded the title product as an orange oil(19.8g). lH NMR 
consistent with the proposed structure. 



SUBSTITUTE SHEET (RULE 26) 



WO 94/18183 



35 



PCT/GB94/00299 



(°) ^-VTrans-VfFV2-hiiTwivn-^.ethvl--? i 4 S.t etrahvrimo.p^nv).] j_ 

hgnffldaazspim 

Sodium borohydride(16.4g, Aldrich) was added to the product from step(b)(19.8g) in 250 
ml 95% EtOH and stirred at room temperature for 17 nr. 6N HC1(200 ml) was added, stirred 
for 30 min and concentrated in vacuo. Deionized water(200 ml) was added to the residue, 
followed by 50% NaOH until basic to litmus paper. The mixture was extracted with EtOAc. 
The organic layer was separated, dried and concentrated to give an orange oil. 
Chromatography on silica using hexanes/EtOAc(98:2) as eluant gave the desired product as 
a beige solid(4.1g), mp 69-74°C. ! H NMR consistent with the desired structure. 

( d ) ^•VTran^-W<TV?.h,ir^v|>.7^thvl.2.14.5.tMT a hvdr n -^-ph^Yl-1 A - 
baizothiazenine 1 1 -HinY^ ft 



Alumina(12g, activity grade I, type WB-2, basic, Sigma) was added in portions to 
Oxone(22.9g, Aldrich) and the product from step(c)(4.0g) in 50 ml CH2CI2. The reaction 
mixture was stirred at gentle reflux for 3 hr then at room temperature for 1 7 hr. The mixture 
was filtered and the filtrate wbs washed with 5% NaHC03. The organic layer was separated, 
dried and concentrated to give an orange oil. Chromatography on silica using 
hexanes/EtOAc(3:2) as eluant afforded the title product as tan solid(0.65g), mp 167-169°C. 

Analysis: Calcd. C 70.95; H 7.09; N 3.94; S 9.02 
Found: C 70.72; H 7.13; N 3.88; S 8.98 

J H NMR(DMSO-d6), 6: 0.83(3H, t, CH 3 ); 1.40-1.48(5H, m, CH3+CH2); 2.60-2.67(3H, 
m, NH+CH 2 ); 335(4H, q, CH 2 S0 2 ); 5.22-5.46(2H, m, CH=CH); 6.02(1H, d, CHPh); 6.56- 
6.59(1H, m, ArH); 7.28-7.50(7H, m, ArH); 7.95-7.99(lH, m, ArH) 



Synthetic FYa mr | ff 3 



Preparation 0fj± -Vmms-Wthvl.2.3.4 vtprrphyriro-^-r^-meThnY v nrnpylV^phpnyl^ ± 
benzothinrenine 1 1-HmvH» 
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(a) f^V>AHyl-3-gthylaari4ing 

Using allyl bromide in place of butyl iodide in step(c) of Synthetic Example 1. the tide 
compound was prepared in an analagous manner to give a colorless oil. l H NMR was 
consistent with the proposed structure. 

(b) (±Jb2=Albd=Lg^ 

This compound was prepared following the procedure of Synthetic Example l(i), using the 
products from step(a)(27.8g) and Synthetic Example l(g)57.8g), but replacing ethereal HC1 
with cone; HC1(23 ml). Chromatography on silica using toluene as the eluant afforded the 
desired product as an orange oil(57.3g). *H NMR consistent with the proposed structure. 

(c) £j^)zlrans=l^ 
v lfrrcpano1 

A l.OM solution of diborane in THF(185 ml, Aldrich) was added to a solution of the 
product from step(b)(57.3g) in 300 ml of THF and stirred at room temperature for 17 hr. 6N 
HC1(200 ml) was added an3 the mixture was concentrated in vacuo to remove THF. IN 
NaOHandEtOAc were added to the aqueous phase and the organic layer was separated, 
dried and concentrated in vacuo. The residue was taken up in THF(400 ml) and 3N 
NaOH(310 ml) followed by 30% H2O2(105.4g) were added. The mixture was stirred at 
room temperature for 4 hr, then saturated NaCO3(200 ml) was added. The organic phase 
was separated, dried and concentrated in vacuo to get solids. Trituration of the solids with 
diethyl ether gave the title product as a white solid(30.8g), mp 134-135°C. 
*HNMR consistent with the proposed structure. 

(d) f^VTrans-3-cthv1-2^ 4- 
bgnzpthiazepms 

A l.OM solution of potassium t-butoxide in THF(7.8 ml, Aldrich) was added to a solution of 
methyl iodide(l.lg) and the product from step(c)(2.5g) in 100 ml of THF. The reaction was 
stirred for 3 hr at room temperature, added deionized water and NaCl. The organic layer was 
separated, dried and concentrated in vacuo. Chromatography on silica using 
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hexanes/EtOAc(85:15) as eluant afforded the desired product as a light yellow oil(lOg). 
NMR consistent with the proposed structure. 

(e) (±SHJBDS=3^^ 
benzodiazepine 1.1-dinxidg 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from step(d)(2.0g) to give the desired product as a white solid(1.9g), mp 129- 
130<>C. 

Analysis: Calcd. C 67.53; H 7.29; N 3.75; S 8.59 
Found: C 67.41; H 7.31; N 3.78; S 8.64 

*H NMR(DMSO-d6), 5: 0.80(3H, t, 3H); 1.24-1.54(4H, m. 2xCH2); 1.67-1.77(1H, m, 
CH2); 2.12-2.22(1H, m, CH2); 2.67(1H, d, NH); 3.08(3H, s, OCH3); 3.12-321(2H, m, 
CH 2 ); 3.38(2H, q, CH 2 S0 2 ); 5.97(1H, d, CHPh); 6.53-6.57(lH, m, ArH); 728-7.49(7H, m, 
ArH);7.94-7.98(lH,m,ArH) 



Synthetic F/ramp] g 4 

Preparation o£j± -Vtrans-1 -H-ethyl-?^ 4 5-tetr^vdm- 5-phenvl-1 ^enrnthixrepm-^y 



(a) (±£13ianss2=g^ 
benzothiazgpiTifi 

This compound was prepared following the procedure of Synthetic Example 3(c), using the 
product from Synthetic Example 2(b)(l 1.6g). Chromatography on silica using 
hexanes/EtOAc(4: 1) as eluant afforded the desired product as an orange oil(8.0g). *H NMR 
consistent with the proposed structure. 

(b) (±=HDans2Hl^ 

butanong 



SUBSTfTUTE SHEET (RULE 26) 



WO 94/18183 



PCT/GB94/00299 



38 

Triethylarnine(7.4g, Aldrich) was added to a solution of the product from step(a)(8.3g) 
dissolved in 40 ml of DMSO. The reaction mixture was chilled to 8-10°C and sulfur 
trioxide pyridine complex(l 1.6g, Aldrich) was added over a period of 10 minutes. The 
reaction mixture was stirred for 4 hi, allowing bath to come to room temperature, then 
added to 700 ml of brine. The mixture was extracted with CffrCb which was separated, 
dried and concentrated to give a pinkish oil. Chromatography on silica using 
hexanes/EtOAc(7:3) as eluant gave the title compound as a beige solid(2.1g), mp 93-96°C. 
l HNMR consistent with the proposed structure. 

(c) f+-VTrans-1-Q-ethv^^ 
butanone S,S-<iipxif1c. 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from step(b)(2.05g). Chromatography on silica using hexanes/EtOAc(4;l) as eluant 
afforded the desired product as a white solid(1.3g), mp 1 10-1 13°C. 

Analysis: Calcd. C 67.89; H 6.78; N 3.77; S 8.63 
Found: C 67.82; H 6.82; N 3.76; S 8.70 

*H NMR(DMSO-d£), 5: 0.77-0.83(6H, m, CH3); 1.45-1.57(1H, m, CH2); 1.61-1.71(1H, 
m, CH2); 2.40(2H, q, CH2); 2.93(1H, s, NH); 334-3.41(2H, m, CH2); 3 J9(2H, q, 
CH2SO2); 6.02(1H, d, CHPhj; 6.54-6.59(lH, m, ArH); 730-7.51(711, m, ArH); 7.93- 
7.99(lH,m,ArH) 

Synthetic Fya™^* <? 

Preparation of r+-Vrrans -1 -n-ethvUO [A 4.5-tetrahvdrcv8>methoxv-5- phenvU1 .4- 
ben20thia7eDin-3-v1V2-hutanone S,S-di oxide hydrochloride 1.1 hvdrate 

(a) Q-f2-benzov1-5-methorvnhenvn dimethvlthiocarbamate 

Sodium hydride(8.8 g, Aldrich) was added slowly to a solution of 2-hydroxy-4- 
methoxybenzophenone(50.0 g, Aldrich) in 300 ml of dimethylformamide. 
Hexamethylphosphoramide (43.0 g) was then added dropwise and stirred at room 
temperature for 2 hours. Dimethylthiocarbamoyl chloride(37.0 g, Aldrich) was added and 
stirred overnight at 50°C. The reaction mixture was poured into deionized water (300mL) 
and extracted with a petroleum ether/chloroform (1 :4) mixture. The organic layer was 
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washed with 10% sodium hydroxide, brine and concentrated to give the title product as a 
yellow solid(40.0g), mp 94-96°C. 1 H NMR was consistent with proposed structure. 

(b) S-(2-Ben7QVl-5-methoxvnhffnvn dimethvlthiocarhamaTe 

The product(40.0g) from step(a) was suspended in phenyl ether(300mL) and heated to an 
internal temperature of 262°C for 30 minutes. After cooling to room temperature, the 
reaction mixture was chromatographed on silica using hexane, then hexanes/ethyl 
acetate(7:3) as eluants to afford the title product as a yellow-brown solid(30.0g), mp 96- 
98°C. !h NMR was consistent with proposed structure. 

(c) 2-Mercanto-4-methoyvhen7nphenati e 

Potassium hydroxide pellets(20.0g) was slowly added to a solution of the product(28.0g) 
from step(b) dissolved in 800 ml methanol/tetrahydrofuran(l:l). After refluxing for4 
hours, the reaction was cooled to room temperature, methylene chloride was added and the 
solution was extracted with 5% hydrochloric acid. The organic layer was dried and 
concentrated. Chromatography on silica using hexanes/ethyl acetate(99:l) as the eluant 
afforded the title product as a yellow solid(17.1g), mp 74-76°C. lH NMR consistent with 
proposed structure.. 

(d) f+-V3-But-2-envl-3-e^ 

This compound was prepared following the procedure of Synthetic Example l(i), using the 
product from step(c)(32.0g) and the product from Synthetic Example 2(a)(18.8g), but 
replacing ethereal HC1 with p-toluenesulphonic acid(200 mg). Chromatography on silica 
using hexanes/EtOAc(9:l) as eluant gave the desired product as an orange oiI(35.7g). *H 
NMR consistent with the proposed structure. 

(e) f+->Tran?HHl-tthvl^^^ 
Y]V2-bytimo1 

This compound was prepared following the procedure of Synthetic Example 3(c), using the 
product from step(d)(35.7g). Chromatography on silica using hexanes/EtOAc(65:35) as 
eluant afforded the tide product as an orange oil(27.7g). NMR consistent with the 
proposed structure. 
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(f) (±± Trans- 1 ■r3-ethvl-2.3.4.5-tetrahvdro-R-methoxvo^henvl-1 ^benrmhi*^.-;, 
vll2-butano] S.S-dinvide 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from step(e)(27.7g) to give solids which were recrystallized from acetone to give 
the desired product as a white solid(12.3g), mp 201-202°C. J H NMR consistent with the 
proposed structure. 

(g) f+-VTrans -1 -O-ethvl-2.14 S-tetrahvdro-8>methQyv>5-nhenvl-1 ^enTothi^epm-^ 
vlV2-butanone S.S-dioxide hydrochloride 1.1 hvdrate 

This compound was prepared following the procedure of Synthetic Example 4(b), using the 
• product from step(f)(9.0g). Chromatography on silica using hexanes/EtOAc(3:l) as eluant 
gave a white foam which was treated with ethereal HC1 to give the title product as a white 
solid(5.0g),mpl34-136°C. . 

Analysis: C 57.72; H 6.65; N 3.06; S 7.01 
Found: C 57.72; H 6.66; N 3.06; S 7.12 

lH NMR(DMSO-d6), 5: 0.85(3H, t, CH3); 1.96(2H, broad s, CH2); 2.47-2.59(3H, m, 
CH2), 3.56-3.61 (2H, m, CHg); 3.80(3H, s, OCH3); 4.32(111, broad d, CH2); 4.75-4.82(2h, 
broad s, NH2+); 6.25(1H, Wi s, CHPh); 6.65(1H, d, ArH); 7.14-7.17(1H, m, ArH); 7.47- 
7.60(6H,m,ArH) 

Synthetic Example 6 

Preparation of ^-Vtrans-3^1-hTttCT vIV3-ethv1-2.3.4.5>tetrahvdro-5-phenv1>1 .4- 
bCTZOthiazenine 1 .1-dioxide hydrochloride 0.4 hydrate 

£a) f+-yTrms-3^thYl-2^.4.5^^ 
benzotrnarepirie 1.1-dioYide 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from Synthetic Example 4(a)(l 1 .7g). Chromatography on silica using 
hexanes/EtOAc(65:35) as eluant afforded the desired product as a white solid(5.8g). lH 
NMR consistent with the proposed structure. 
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0>) ^•)-Trans-Vl-butenvlV%erhvl.?.;.4.^t e tT a hv^mo.nhenv).i4.h ^ 7nT hi a 7 T in^ 
1.1-dfoxide hydrochloride f) 4 h„A m 



Diethyl azodicarboxylate(2.1g, Aldrich) was added to triphenylphosphine(3.1g, Aldrich) 
aad the product from step(a)(3.6g) in 100 ml of THF. The reaction mixture was stirred at 
room temperature for 17 hr then concentrated in vacuo. Chromatography on silica using 
hexanes/EtOAc(7:3) as eluant gave a light yellow oil which was treated with ethereal HC1 to 
give the title product as a beige solid(0.40g), mp 190-192°C. 

Analysis: C 63.1 9; H 6.77; N 3.51 ; S 8. 1 8 
Found: C 63.17; H 6.75; N 3.51; S 8.09 

J H NMR(DMSO-d6), 6: 0.75-0.87(6H, m, 2xCH3); 1.41-1.58(2H, m, CH2); 2.62- 
2.70(2H, m, CH2); 3.19(1H, d, NH); 3.37(2H, q, CH2SO2); 5.26-5.43(2H, m, CH=CH); 
6.02(1H, d, CHPh); 6J5-6.61(1H, m, ArH); 7J1-7.52(7H, m, ArH); 7.94-8.00(lH, m, ArH) 



SamihstisLEainpls 7 

Preparation of f+-VrranvVftthftYvethvn. ^hv1.? 3 4 S.twrahvdm.S.pl^vl.] 4 _ 
benzothiarenine 1 1 -dinvid,. Wdmehlnrirfc h^mihv^ 

(8) (+-V4.F.thv»^^vrimwmPthvn.?,.nY a r n liHm ? p ft 

Sodium methoxide(22g, Aldrich) was added to a solution of 2-amino-2-ethyl-l,3- 
propanediol(100.0g, Aldrich) and diethyl carbonate(169.0g, Aldrich) This solution was 
refluxed in a Dean Stark apparatus until no more EtOH was collected. The reaction mixture 
was cooled, added acetone(200 ml) and allowed to stand ovemite at room temperature. The 
resulting suspension was filtered to give 81 .0g of the desired product as a beige solid. *H 
NMR consistent with the proposed structure. 

(b) r-t-V4-F.thvl^.rct n wl n wWprhvn.?^v a Tni^j nnnr 

Tosyl chloride(1422g, Aldrich) was added to an ice-chilled solution of the product from 
step(a) (102.7 g) dissolved in pyridine(175 ml, Aldrich). The reaction mixture was stirred at 
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ice bath temperature for six hours, then allowed to come to room temperature. The 
heterogeneous mixture was added to 1500 ml of a solution of brine and IN HO, stirred until 
solids appeared, filtered and washed with diethyl ether to give 1 94.6 g of a beige solid as the 
title product. l H NMR consistent with the proposed structure. 

(°) ^•Wff ? -Ben20vlnhenvnthiolm e ThviULprhvi .?. nyayA i;Hj n r n g 

2-Thiobenzophenone(125.3g, Synthetic Example 1(g)) in 150 ml of DMF was added slowly 
to sodium hydride(60%, 23.4g, Aldrich) in 175 ml of DMF. After complete addition, the 
product from step(b) (175.1g), in 200 ml of DMF, was added in a steady stream to the 
reaction mixture. The reaction was stirred at 60° C for 3 hr, cooled and added to 3L of brine 
to give solids. The reaction mixture was filtered and the solids were slurried in 250 ml of 
95% EtOH and filtered to give the desired product as a beige solid(168.8g), mp 103-104°C. 
1 H NMR consistent with the proposed structure. 

W> ■ <±± 2 . >-Pihv(1nv3-ethvl-5.nh m vl.i A.h™ n th^ ^ mrrhm T i ] 

The product from step(c) (168.8g) was dissolved in 1200 ml EtOH/water(2:l) and 128.8g of 
KOH was added and refhixed for 24 hrs. The reaction mixture was cooled and concentrated 
in vacuo then ethyl acetate and deionized water were added. The organic layer was 
separated and concentrated^ vacuo to give 155.2g of a red-orange oil. Chromatographv on 
silica using hexanes/EtOAc(l:l) as eluant afforded the title product as a light orange 
oil(55.7g). 1 H NMR consistent with the proposed structure. 

(e) ^-H-BthvP 3-dihvdro.S-nhenvl-l A^ ^ ia^n^.^)^ ,^ 

Triethyl amine(56.7g, Aldrich) was added to a solution of the product from step(d) (55.7g) 
dissolved in 140 ml of DMSO. The reaction mixture was chilled to 8-10O C and sulfur 
trioxide pyridine complex(89.3g, Aldrich) in 200 ml of DMSO was added over a period of 
16 minutes. The reaction mixture was stirred for 5 hr, allowing bath temperature to come to 
room temperature, then added to 3L of brine. This mixture was extracted with ethyl acetate 
which was separated, dried and concentrated to give 56.0g of a red oil. Hexane(200ml) was 
added, allowed to stir until solids formed, and then filtered to give the desired product as a 
tan solid(43.1g), mp 98-100<>C. lH NMR consistent with the proposed structure. 
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A 1.0M solution of potassium t-butoxide in THF( 82 ml. Aldrich) was added to a 
suspension of methyl triphenylphosphonium bromide(29.0g, Aldrich) in 250 ml of THF. 
After complete addition, the reaction mixture was refluxed for one hour, cooled with an ice 
bath and the product from step(e) (12.0g) in 70 ml of THF was added. The reaction was 
stiired for lhr at room temperature, refluxed for 2.5 hr and then stirred at room temperature 
for 1 7 hr. Saturated NH4C1(200 ml) was added, the organic layer was separaied, dried and 
concentrated to give a red-orange oil. Chromatography on silica using hexanes/EtOAc(9:l) 
as eluant afforded the title product as a light orange oil(l 1 .0g). !h NMR consistent with the 
proposed structure. 

(g) f^VTrmfr^M^ 

A 1.0M solution of diborane in THF(37.0ml, Aldrich) was added to a solution of the 
product from step(f) (1 1 .0g) in 200ml of THF and stirred for 1 7hr at room temperature. 
6N HC1(100 ml) was added and the mixture was concentrated in vacuo to remove THF. 
IN NaOH and EtOAc were added to the aqueous phase and the organic layer was separated, 
dried and concentrated in vacuo. The residue was taken up in THF(200 ml) 
and 3N NaOH(62 ml) followed by 30% H202(21.2g) were added. The mixture was stirredf 
at room temperature for 2.5 hr, then 125 ml of saturated Na2CC>3 was added. The organic 
phase was separated, dried and concentrated in vacuo. The residue was chromatographed on 
silica using hexanes/EtOAc(7:3) as eluant to give the desired product as an oil(3.0g). l H 
NMR was consistent for the proposed structure. 

bgnzQihiazsping 

A 1 ,0M solution of potassium t-butoxide in THF(1 1.0 ml, Aldrich) was added to a solution 
of ethyl iodide(1.7g, Aldrich) and the product from step(g) (3.0g) in 100 ml of THF. The 
reaction was stirred for 4 hr at room temperature, added deionized water and NaCl. The 
organic layer was separated, dried and concentrated to give an oil. 
Chromatography on silica using hexanes/EtOAc(7:3) as eluant afforded the desired product 
as an oil( 1 .6g). 1 H NMR consistent with the proposed structure. 

(i) f^VTrans-Wethoxv^^ 

I .1 -dioxide hydrochloride hemihvdrate 
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30% H202(L6g) and trifluoroacetic acidfTFA) (15 mi) were cooled and a solution of the 
product from step(h) ( 1 .6g) in TFA(1 5 ml) was added. The reaction was stirred at room 
temperature for 17 hr ? then added to 300 ml of deionized water, basified with solid NaOH 
and wanned for 1 hr. The mixture was extracted with EtOAc which was separated, dried and 
concentrated to give an oil Chromatography on silica using hexanes/EtOAc(3:2) as eluant 
gave a yellow oil which was treated with ethereal HC1 to give the title product as a beige 
solid(0.95g), mp 219-220<>C. 

Analysis: Calci C 60.20; H 6.98; N 3.34; S 7.65 
Found: C 60.19; H 6.78; N 3.33; S 7.76 

*H NMR of the free base(CDCl3), 8: 0.92(3H, t, CH3); 1.03(3H, t, CH3); 1.48-1.65(3H, 
m, CH2 + NH); 2.1 1-2.18(1H, m, CH2); 2.57-2.62(lH, m, CH2); 3.31(2H, q, CH2SO2); 
3.26-3.48(4H, m, 2xCH2); 6.14(1H, s, CHPh); 6.70-6.73(lH, m, ArH); 7.25-7.40(7H, m, 
ArH); 8.09-8.12(lH,m,ArH) 

Synthetic Fvampl* g 

Preparation of ^-Vtrans-Vfethoyvme^ 
benzothiayepine 1.1-diovtHehvdrochlonde 

£a) ^■VTran^^thvl>2.3.4.54etTahvdn)-5-phenvl.l.4-h e n^^ 

A 1.0M solution of diborane in THF(55.0 ml, Aldrich) was added to the product from 
Synthetic Example 7(d) (16.4g) in 150 ml of THF. The reaction was stirred overnite at room 
temperature, then 100 ml of 6N HC1 was added and THF was removed in vacuo. NaOH and 
, EtOAc were added to the aqueous layer and the organic layer was separated, dried and 
concentrated. Chromatography on silica with hexanes/EtOAc(7:3) as eluant afforded the 
desired product as a white solid(4.0g), mp 1 04-106°C. 1 H NMR consistent with the 
proposed structure. 

(b) f+-)Trans-3^ethoxvme^^^ 

This compound was prepared following the procedure of Synthetic Example 7(h), using the 
product from step(a) (2.3g) to give the title product as a yellow oil (2.0g). ] H NMR 
consistent with the proposed structure. 
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(°) f^TranfrWerhoxvmethvlVWthvl.'? ? a. s.t^ v dm.5. P h«n vi-i.4Awiytwtiii.w T { n > 
1 .1-diovide hydrochloric 

This compound was prepared following the procedure of Synthetic Example 7(i), using the 
product from step(b) (l.Og). Chromatography on silica using hexanes/EtOAc(7:3) as eluant 
afforded a yellow oil which was treated with ethereal HC1 to give the desired product as a 
white solid(0.40g), mp 194-1 99°C 

Analysis: Calcd. C 60.67; H 6.62; N 3.54; S 8.10 
Found: C 60.68; H 6.66; N 3.56; S 8.19 

*H NMR(DMSO-d6), 5: 0.90(3H, t, CH3); 1.00(3H, t, CH3); 1.73-2.00(2H, m, CH2); 
3.47-3.90(6H, m, 3xCH2); 4.80-5.70(2H, broad s, NH2+), 6.20(1H, s, CHPh); 6.82- 
6.84(1R m, ArH); 7.54-7.64(7H, m, ArH); 8.05-8.08(lH, m, ArH) 

PrgpqnTion Of (+-VtmnS-Pthvl H3=gflgl=2 3 4 5-tetrahvdm.S.phenvl-l 4-h P n 7n rt T1 > 7 T j r .^ 
vnpronionate 1.1-Hinvi^ 

( a ) f + -V2-f(7-Amino-7.-nTvdmxvmethvhhntv n thio^hen7nptipnnnP 

This compound was prepared following the procedure of Synthetic Example 7(d). It was 
isolated, as an oil, by silica chromatography as the major product of that reaction. *H NMR 
consistent with the proposed structure. 

00 2^r?rAmino>2>rhvdTnyvmethvnhTitvn S ulfonvnh e n 

This compound was prepared following die procedure of Synthetic Example 7(i), using the 
product from step(b) (40.4g) to give the title product as a white solid(38.7g), mp 150- 
1 5 1 °C. 1 H NMR consistent with the proposed structure. 

( c ) C±^=2=EflQd£ ?-dihvdro-5-TlhenvM .^benrothiazepiTie-Vmer hanol 1 .1 -dinviHg 

The product from step(b) (38.7g) was dissolved in 600ml of 2,6-lutidine and 120 ml of 
1 .0M HC1 in diethyl ether was then added. The reaction mixture was refluxed overrate, 
using a Dean Stark trap, then concentrated in vacuo. The residue was taken up in 5% 
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NaHCOs whereupon solidification took place. The solids were filtered and washed with 
ether to afford the desired product as a light brown solid(25.7g), mp 17G-171°C. *H NMR 
consistent with the proposed structure. 

(d) ^-V3-Ethv1-2.3-dihvdro-5-nhem 

This compound was prepared following the procedure of Synthetic Example 7(e), using the 
product from step(c) (25.6g). Chromatography on silica with hexanes/EtOAc(4:l) as eluant 
afforded the desired product as a white solid(21.0g), mp 127-128°C. 1 H NMR consistent 
with the proposed structure. 

(e) KKE VEthvl 3^.Mihvdro-3-ethvl-5-phenvl-l ■4-benzothiazqiiTK3-vnaeTy1ate 1 . 1 - 
dioxide 

Triethylphosphonoacetate(14.5g, Aldrich) in 40 ml ofTHF was added to 60% NaH(2.6g, 
Aldrich) in 100 ml of THF. The mixture was stirred for 30 minutes at room temperature 
then the product from step(d) (21 .0g) in 60 ml of THF was added and stirred for 17 hr at 
room temperature. The reaction mixture was concentrated in vacuo and the residue was 
partitioned between CH2CI2 and deionized water. The organic layer was separated, dried 
and concentrated to get solids which were recrystallized from MeOH/H20 to give the title 
product as a tan solid(20.7g), mp 158-159°C. !h NMR consistent with the proposed 
structure. 

(f) f+-)-Trans-ethvl 3-r3>ethvl^.3.4.5-tetrahvdroo^henvl-l .4-benzothiazepin-3- 
vnironionarf; 1.1 -dioxide 

The product from step(e) (10.2g) was dissolved in 100 ml of EtOAc and 22g of 10% 
Pd/C(Aldrich) was added, then placed on a Parr hydrogenator for 6 days. The reaction 
mixture was filtered and concentrated in vacuo to give an oil. Chromatography on silica 
using hexanes/EtOAc(7:3) as eluant afforded the desired product as a white solid(0.90g), 
mp 147-148°C. 

Analysis: Calcd C 65.81; H 6.78; N 3.49; S 7.99 
Found: C 65.55; H 6.83; N 3.44; S 7.89 

lHNMR(CDCl3), 5: 0.79(3H, t, CH3); 1.08(3H, t, CH3): 1.41-M5(2H, nu CH2); 1.89- 
2.15(3H, m, CH2); 2.65-2.78(lH ? m, CH2); 2.81(1H. s, NH): 3.43(2H, q, CH2SO2); 3.87- 



SUBSTITUTE SHEET (RULE 26) 



WO 94/18183 



47 



PCT/GB94/00299 



3.95(2H, m, CH 2 ); 5.95f 1H, <L CHPh); 6.53-6.56(lR m, ArH); 7.29-7.48(7H, m, ArH); 
7.96-7.99(lH ? m,ArH) 

Synthetic Example in 



ErspaBtiOD Of (^Vtrans^)^3>ethvl-2.14.5-tetrahvdroo-phenvl-1 A^SD Z SO^m 
vlV3-huten-?,.one l.l-rfimriHe 

(a) (±=klans=l^^ 

This compound was prepared following the procedure of Synthetic Example 7(i), using the 
product from Synthetic Example 8(a) (27.5g) to give the title product as a beige 
solid(25.7g), mp 134-137°C. l H NMR consistent with the proposed structure. 

0>) . (+-VTrans-VethvI-2,3A5-te^ 

This compound was prepared following the procedure of Synthetic Example 7(e), using the 
product from step(a) (24.0g) to afford the title product as a beige solid(192g), mp 125- 
128<>C. *HNMR consistent with the proposed structure. 

(c) f^VTTmiS-fFM^-ethv1>? 3.4 5-tetrahvdr f v5-nhenv1-1.4-hen 7 nrhi a7e pm 
buten-2-one 1.1 -dioxide 

The product from step(b) (6.0g) and l-triphenylphosphoranylidene-2-propanone(6.4g, 
Aldrich) were added to 200 ml of toluene and refluxed for 17 hr. The reaction mixture was 
concentrated in vacuo and the solid residue was triturated with diethyl ether. The ether 
insoluble solid was chromatographed on silica using hexanes/EtOAc(3:2) as eluant to give 
the desired product as a beige solid(2.0g), mp 196-198°C. 

Analysis: Calcd. C 68.26; H 6.27; N 3.79; S 8.68 
Found: C 68.01; H 6.30; N 3.85; S 8.78 
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»H NMR(DMSO-d 6 ), 5: 0.76(3H, t, CH 3 ); 1.51-1.67( 2H ? m, CH 2 ); 2.16(3H, s, CH3CO); 
3.19(1H ? s ? NH); 3.74(2H, q, CH 2 S0 2 ); 5.93(1H, d, CHPh); 6.43(2H ? q, CH=CH); 6.54- ' 
6.61(1R m. ArH), 7.32-7.52(7HL m, ArH); 7.93- 7.97(1H, m, ArH) 



Synthetic Fy^!? ] ] 

Prgparation Of f^V2,3.4,5-tetrahvdro^-methnYvo>ph g nvl T irori A-hennM arepm^ 1- 
cvclohexanen 



(a) n-Amino-1-cvcloheYvnmfithanol 

1 -Amino- 1-cyciohexanecarboxylic acid(5L5g, Aldrich) was added to 150 ml of THF 

followed by boron trifhioride etherate(27 ml, Aldrich). The reaction mixture was heated to 

40°C, stirred for 10 minutes and then a 1.0M solution of diborane(380 ml, Aldrich) was 

added. The mixture was refluxed for 2 hr, cooled and added THF/water(l :L 25 ml) 

followed by 6N NaOH(95 ml). The reaction mixture was refluxed for 2 hr, cooled to room 

temperature and the organic layer was separated, washed with brine, dried and concentrated 

to give a light yellow oil(34.0g). lH NMR consistent with the proposed structure. 
■ ^ 

(b) Cvclohexane^T^'^Tj^^^ 

This compound was prepared following the procedure of Synthetic Example 1(f), using the 
product from step(a)(188.6g) to give the title product(66.9g) as a colorless oil. l R NMR 
consistent with the proposed structure. 



(°) 2 . 3-PihYdrft-8-methoyv-5-nhe^ 

This compound was prepared following the procedure of Synthetic Examplel(i), using the 
products fen step(b)(4.7g) and Synthetic Example 5(c)(l 1.5g), but replacing ethereal HC1 
with cone. HC1(4.3 ml). Chromatography on silica using hexanes/EtOAc(95:5) as eluant 
afforded the desired product as a yellow oil(12.5g). *H NMR consistent with the proposed 
structure. 
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cvctoherane) 

This compound was prepared following the procedure of Synthetic Example 1Q), using the 
product from step(c)(12.5g) to give the title product as a white solid(12.2g), mp 138-1390C. 
1 H NMR consistent for the proposed structure. 

W ^-VSJ^^-Tetrahvdro-s-Tnefhoxv-s-nhenvisnirnri 4^enzaihiazeniafc3 \ 

CVCloheran^ J 

This compound was prepared following the procedure of Synthetic Example l(k), using the 
product from step(d)(l I.7g) to afford the desired product as a white solid(10 Og) mp 1 68- 
170°C. 

Analysis: C 67.90; H 6.78; N 3.77; S 8.63 
Found: C 67.90; H 6.69; N 3.75; S 8.72 

!H NMR(DMSO-d6), 5: 125-1. 59(1 OH, m, CH2); 2.46(1H, d, NH); 3.39(2H, q, CH 2 SC»); 
3.81(3H, s, OCH 3 ); 5.89(1H, d, CHPh); 6.49(1H, d, Ar H); 7.06(1H, m, ArH); 7.32- 
7.49(6H,m,ArH) . 



Preparation of (+-VtTanv3-h 1T TYl-3-ethv1-? 3 4 

pine 1 



( a > r+-VH(r?-ProTTionhCTvmhio>TT, P thvn.i^vi T v. r t i , nmiliT1 . 

To a solution of 2-bromothiophenol (13.5g, Lancaster) in methanol (45 ml) was added 
dropwise 2-butyl-2-ethyla2iridine (10.0 g, Synthetic Example 1(f)). The mixture was stirred 
at room temperature for 1 hour. Solvent was evaporated to afford the tittle product as a light 
yellow oil (25.6 g). 'H NMR consistent with the proposed structure. 
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(h) (+-)-N-ff4-T>vririvnfo^ 
amine 

A mixture of the product from step (a) (12.8g), 4-pyridinecarboxaldehyde (3.43 ml, 
Aldrich), magnesium sulfate (21. 5g), and toluene (80 ml) was stirred at room temperature 
for 18 hours. The mixture was filtered and the solvent was evaporated to provide the title 
product as a light yellow oil (16.7 g). 1 H NMR consistent with the proposed structure. 

A solution of the product from step (b) (16.7 g) in anhydrous tetrahydrofuran (125 ml) was 
cooled to -70_C under N2 and 2.5M n-butyl lithium (16 ml, Aldrich) in hexanes was added 
dropwise. The reaction mixture was stirred at -70°C for 3 hours and quenched with 10% 
ammonium, chloride (60 ml). The organic layer was separated and the aqueous layer was 
extracted twice with diethyl ether. The organic layers were combined, dried and 
concentrated. Chromatography on silica with hexanes/acetone (9:1) as eluant afforded the 
title product as a yellow oil (21 .0 g). ] H NMR consistent with the proposed structure, 

(d) f+-)-Tran?r^-h!itvl-3-ethvl-2.1 4.5>tetrahvdm-S-r4-nvridvn-T 4- W nthi a7 p r m r ] 
dioxide 

A solution of the product from step (c) (4.8 g) was cooled to 0°C and a solution of oxone 
(12.6 g, Aldrich) in water (60 ml) was added. The mixture was stirred at room temperature 
for 2.5 hours, diluted with water (200 ml), and neutralized with sodium bicarbonate. The 
mixture was extracted twice with chloroform. The organic layers were dried and 
concentrated. Chromatography on silica with hexanes/ethyl acetate (2:1) as eluant provided 
the title product as a white solid (2.0 g), mp 1 10-1 1 1°C. 

Analysis: Calcd: C, 67.01; H, 731; N, 7.81; S, 8.94 
Found: C, 67.12; H, 7.32; N, 7.85; S, 8.97 

*H NMR (DMSO-d6), 5: 0.75(3H, t, CH3); 0.82(3H, t. CH3); 1.00-1. 22(4H, m, 2xCH2); 
1.40-1.50(2H, m, CH2); 1.70-1.82(1H, m. CH2); 1.97-2.10(1H, m, CH2); 2.85(1H, d, NH); 
3.41(2H, q, CH2SO2); 6.00(1H. d, CHPh); 6.50-6.60(lH, m, ArH); 7.45(2H. d, ArH); 7.50- 
7.60(2H, m, ArH); 7.95-8.05(lH. m, ArH); 8.62(2H, d, ArH). 
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Synthetic Pv^mplf ] ] 



LL^iozidfi 

The title compound was obtained as a by-product of Synthetic Example 12 step(d) as a 
white solid (0.15 g), mp 178-179<>C. 



Analysis: Calcd: C, 64.14; H, 7.00; N, 7.48; S, 8.56 
Found: C, 63.96; H, 7.09; N, 7.25; S, 8.42 



»H NMR (DMSO.d6), 6: 0.79(3H, t, CH 3 ); O.8I0H, t, CH 3 ); 1.00-I.40(5H, m. CH 2 )- 
1.55-1.65(1H, m, CH 2 ); 1.80(1H, broad t, CH 2 ); 2.05(1H, broad t, CH 2 ); 3.42(2H, s' 
CH 2 S0 2 ); 6.39(1H, s, CHPh); 6.57-6.62(lH, m, ArH); 7.45-7.55(4H, m, ArH); 7 90-' 
8.00(1H, m, ArH); 8.16(1H, s, NOH); 8.58-8.62(2H, m, ArH) 



Svnthfttir Pv^mplf H 

W f+-V3-Butvl-WthvI-? %rf,Wr».] ,4.h W ™thi a ™ T in.SaWU™ 



To a solution of methyl thiosalicylate (25.0 g, Aldrich) in methanol (95 ml) at 0<>C was 
added 2-butyl-2^mylaziridine (20.0 g, Synthetic Example 1(f)) and the mixture was stirred 
at room temperature for 18 hours. Solvent was evaporated and toluene (200 ml) and sodium 
methoxide (82 g) were added. The mixture was heated to reflux for 4.5 hours, removing 
water through a Dean-Stark trap. Solvent was evaporated and the residue was partitioned 
between 5% HC1 (500 ml) and dichloromethane (400 ml). The organic layer was separated, 
dried and concentrated. Crystallization from hexanes/ethyl acetate provided the tittle 
compound as a white solid (38.0 g), mp 92-930C. lH NMR consistent with the proposed 



structure. 
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(b) (^V?-Butvl>?-ethvl»2^.4.5>tetrahvdrn-T.4-hen7 othia2epine 

A solution of the product from step (a) (46.5 g) in tetrahydrofuran (260 ml) was cooled to 
0°C and 1M diborane (450 ml, Aldrich) in THF was slowly added. The resulting mixture 
was heated to reflux for 48 hours, cooled to 0°C, and treated carefully with 6M aqueous 
HC1. The mixture was heated to reflux for 1.5 hours, concentrated to 400 ml and extracted 
twice with diethyl ether. The organic layers were dried and concentrated to afford the title 
product (44.0 g) as a colorless oil. *H NMR consistent with the proposed structure. 

(c) f+-V?-Butv^-ethvl-2.3>dihvdrQ-1.4-hen7orhi^ gp in e 

To a solution of the product from step (b) (6.0 g) in tert-butyl alcohol (180 ml) was added a 
solution of potassium permangante (5.7 g) in water (90 ml). The mixture was heated to 
reflux for 10 minutes, cooled to room temperature, and filtered through celite. Solvent was 
evaporated to provide the title compound (5.9 g) as a colorless oil. *H NMR consistent with 
the proposed structure. 

(d) f+-)^is^rans-VButvl-^^ 

A solution of the product from step (c) (6.0 g) in anhydrous THF (150 ml) was cooled to 
0°C under N2 and boron trifluoride etherate (3.75 ml) was added. The mixture was stiiTed 
at 0°C for 1 hour, cooled to -70°C, treated with 1M 2-thienyl lithium (90 ml, Aldrich) in 
tetrahydrofuran, allowed to warm to room temperature, and quenched with 10% ammonium 
chloride (60 ml). The organic layer was separated and the aqueous layer was extracted 
twice with diethyl ether. The organic layers were combined, dried and concentrated. 
Chromatography on silica with hexanes/ethyl acetate (99:1) as eluant afforded the title 
compound (6.2 g) as a greenish oil. *H NMR consistent with the proposed structure. 

(e) (+->Tranfr3-butvl-3-ethv^ 
1.1 -dioxide 

This compound was prepared following the procedure of Synthetic Example 12 (d), using 
the product from step (d) (5.0 g). Chromatography on silica with hexanes/ethyl acetate (9:1) 
as eluant provided the title compound as a white solid (1.5 g), mp 93-95°C. 
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Analysis: Calcd: C, 62.78; H, 6.93; N, 3.85; S, 17.64 
Found: C, 62.83; H, 6.96; N, 3.91; S, 17.56 

*H NMR pMSO-d6), 8: 0.75-0.82(6H, m, 2xCH3); 1.15-1.27(4H, m, 2xCH2); 1.32- 
1.45(2H, m, CH 2 ); 1.80-2.00(2H, m, CH 2 ); 2.83(1H, d, NH); 3..31(2H, q, CH 2 S0 2 ); 
6.22(1H, d, CHPh); 6.93(1H, d, ArH); 6.97(1H, d, ArH); 7.06-7. 10(lH,.m, ArH); 7.40- 
7.60(311, m, ArH); 7.96(1H, d, ArH). 



Synthetic V™m V \* IS 

Preparation Of r+-Vtrans^-hutvl-^-ethvl-7^. 4.5-tetrahvdm-5-ri H-pvrrnM -vlll ,4-hen 

zothiazepine 1.1 -dioxide 

(a) f+-yCis/trans-VbiTtv1-^^ H-pvrmM -vl VI .4- he^nthia^f 

This compound was prepared following the procedure of Synthetic Example 16 (d) using 
1M l-pyirolyllithium(58 ml, Aldrich) and the product from Synthetic Example 5(d)(4.75g) 
to afford the title compound(2.4g) as a a greenish oil. *H NMR consistent with the 
proposed structure. 

(b) (+-yTrans-Vhutvl-3-ethv1-^ -vIVI .4-herizothira>p™ ft 

LI -dioxide 

To a solution of the product from step (a) (2.1 g) in THF/tert-butyl alcohol (42 ml, 4:1) was 
added N-methylmorpholine N-oxide (7.9 g, Aldrich) and 2.5% osmium tetroxide (17 ml, 
Aldrich) in tert-butyl alcohol. The mixture was heated to reflux for 2 hours and treated with 
saturated sodium bisulfite. The mixture was extracted with , diethyl ether, dried, and 
concentrated. Chromatography on silica with hexanes/ethyl acetate (19:1) provided the title 
product (0.5 g) as a white solid foam; m.p. 50-52°C. 

Analysis: Calcd: C, 65.86; H, 7.56; N, 8.08; S, 9.25 
Found: C, 65.87; H, 7.51; N, 8.04; S, 9.32 
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lH NMR (DMSO-d6), 8: 0.75-0.85(6H f m, 2xCHs); 1.10-1.30(4H, m ? 2xCH2); 1.40- 
1.53(2H, m, CH2); 1.8(M.90(1H, m, CH2); 1.92-2.00(1H, m, CH2); 3.45(2H, q, 
CH2SO2); 3.50(1H, d ? NH); 5.99(1H, i ArH); 6.10(2H, s, ArH); 6.70(1H, d, CHPh); 
6.95(2H. s, ArH); 7.45-7.55(2H, m, ArH); 7.95(1H, d, ArH) 

Synthetic F.yflTtiplfi 16 

Preparation of (+ -VTrans-3-butv]-3^thvl-2.3A5^^ 

F) -1 ,4-bgTiTOthi«gpine ] , 1 dioxide 

(a) Alpha'f3^hlprp-4-pyri<jynbgnzyl alcohol 

A solution of lithium diisopropylamide was prepared under nitrogen atmosphere by 
combining in tetrahydrofuran diisopropylamine(50.6g) and 2.5M n-butyl 
lithium(200ml) in hexanes at -78°C. 3-Chloropyridine (50g) was added slowly to the 
stirred reaction while maintaining the temperature below -70°C. After 15 minutes 
benzaldehyde(53g) was added while maintaining temperature below -60°C. After 24 
hours the reaction was quenched with water, extracted with ether, washed with water 
and concentrated. Theresidue was triturated with ethyl acetate-hexane (1:4), filtered 
and the resulting tan powder was rinsed with diethyl ether-hexane mixture to give a 
tan powder(52g), mp 139-141°C. *H NMR is consistent with proposed structure. 

(b) 3-Chlpro-4-pyridy] phenyl ketone 

Pyridinium chlorochromate (109.7g) was added to a 1 liter dichloromethane solution 
of the product from a larger nm of step (a) (1 1 1.85g). The reaction was allowed to 
stand overnight (initially exothermic) and then filtered through Florisil and 
decolorizing carbon and evaporated to afford an off-white solid(76.8g), mp. 49-5 1°C. 
1 H NMR is consistent with proposed structure. 

(c) f^-V3-rr2-Amino-2-ethvlhexvnthio^pvridvl phenyl ketone 

A mixture of the product from step (b)(4.3g), 2-butyl-2-ethylaziridine(2.54g, 
Synthetic Example 1(f)), and sodium hydrogen sulfide hydrate(1.48g) in 
dimethylsulfoxide was stirred 48 hours at ambient temperature. The reaction mixture 
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was diluted with diethyl ether and washed with aqueous sodium hydroxide, dried, 
filtered and evaporated to a yellow viscous oil. The oil was chromatographed on silica 
gel using ethyl acetate-ethanol (3:1) as eluant to give a yellow viscous oil(1.87g). 1h 
NMR is consistent with proposed structure. 

( d ) f+-y3-B\nYl-Vrthvl-2.3-d^^ 

The product from step (c) (1.27g) was treated in accordance with step (i) of Example 
1 to produce 0.95g of a yellow oil. J H NMR is consistent with proposed structure. 

(e) f+-lTnms-3-butvl-3-ethv1 ^ ,1 a, 

benzothiarepiTifi 

A larger sample of the product from step (d) (1108g) was treated in accordance with 
step (j) of Example 1 to produce 1.82g of a colorless oil. *H NMR is consistent with 
proposed structure. 

(f) Ct 3 4.5.tetrahvdrfv ^nhenvlpvndnr4 ^ -1 &- 
benzodiazepine Usdiogjdg 

The product from step_(e) (0.87g) was treated in accordance with step (k) of Example 
1 to produce 028g of a white solid, mp 114-116°C. 

Analysis: Calcd C 67.01; H 7.31; N 7.81; S 8.94 
Found: C 66.95; H 7.38; N 7.78; S 8.86 

1HNMR (DMSO-de), 5: 0.73 (3H, t); 0.80 (3H, t); 0.9-13 (4H, m); 1.5 (2H, m); 1.7 
(1H, m); 2.0 (1H, m); 2.90 (1H, d); 3.28 (1H, d); 3.75 (1H, d); 5.84 (1H, d); 7.4 (5H, 
m);8.62(lH,d); 8.98 (lH,s) 

SvnthetirPrampl^ ]7 

Preparation of r+-VTrans.3-hutvl-3-ethv1-34.5.7-tetrahvdro.5-nhsn v 1.?H. n vTrn1»r^ 
1.4.hen70THa7enine 1 T-HinyideOI hvrirate 

(a) 1 -(TriisoprnDvlsitvn pyrrole 
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To a solution of pyrrole (33.54g) in THF(700ml) at -780C under nitrogen was added a 
solution of 2.5M n-butyl lithiumQOOml) in hexane. After one hour triisopropylsilyl 
chloride (98g) was added. After 24 hours the reaction was diluted with diethyl ether, 
washed with water, dried over sodium sulfite, filtered and evaporated to a tan oil 
which was distilled at 1 15-1 19°C (0.2 mm Hg) to give 102.6g of a colorless mobile 
liquid. 1 H NMR is consistent with proposed structure. 

(b) 1 . j-BisrtrisisoprnpvkilvlVm-p^^ 

The product from step (a) (102.6g) was dissolved in tetrahydrofuran(600ml) and 
treated with N-bromosuccinimide (89g) at -78°C under nitrogen for 15 minutes. The 
reaction was allowed to come to ambient temperature over one hour, concentrated, 
diluted with hexane, filtered and the solvent removed. The residue was dissolved in 
tetrahydrofuran(600ml), cooled to -780C, and tert-butyl lithium in pentane (588ml 
1.7M) was added. After one hour elemental sulfur (16g) was added and the mixture 
was stirred for one hour at ambient temperature. The reaction was cooled to -78°C 
and triisopropyl silyl chloride (98g) was added and the reaction was allowed to warm 
to room temperature. After 24 hrs the solvent was removed under reduced pressure 
and the residue in diethyl ether was washed with water, dried over sodium sulfate, 
filtered, concentrated and distilled ai 160-205<>C (02 mm) to give a colorless viscous 
oil(119.8g). *H NMR is consistent with proposed structure. 

( c ) 3-Ben20V^>4■>rbeT^7nvhhir>^- 1 -ftnknpmpv fsil vlfrvrmle 

Aluminum chloride (2.3 Ig), benzoyl chloride (2.46g), and the product from step 
(b)(3.6g) were combined in dichloromethane (30ml) under nitrogen at -78°C. After 
one hour the reaction was mixed with saturated aqueous sodium bicarbonate and the 
organic layer was dried over sodium sulfate, filtered and concentrated. The residue 
was triturated with hexane and filtered to give a rose pink solid (1.90g), mp 120- 
1220C. iHNMR is consistent with proposed structure. 

(d) r+-V3-Ben7oy]-4.rn- a minn.7.> i thv)h e yvnrhi n -um. r v 1Tn l 1 . 

A mixture of the product from step (c) (24.9g), 250ml methanol and 106ml IN 
sodium hydroxide was warmed to reflux for 10 minutes then IN hydrochloric 
acid(53ml) was added followed fay :-butyl-2-ethylaziridine (7.7g, Synthetic Example 
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1(f)). After one hour the reaction was diluted with ethyl acetate and washed with IN 
sodium hydroxide and then water. The organic layer was dried, filtered and 
concentrated. The residue was chromatographed on silica gel eluting with ethyl 
acetate-ethanol (3:1) to give a tan viscous oil (15.32g). lH NMR is consistent with 
proposed structure. 

A larger sample of the product from step (d) (16.46g) was used in accordance with 
step (i) of Example 1 to produce the desired compound as a tan powder (1.15g), mp 
145-1460C 

benzodiazepine 

A larger sample of the product from step (e) (9.75g) was treated in analogy with step 
(j) of Example 1 to produce the desired product as a tan solid(1.5g), mp 41-43°C. 

(g) (±=3 -Trans-3-buTv1-3^thvM 4.5,7^ e tr a hvdr f v5-phenv1-?R^ vrrolon 4-FV1 4- 

benzothiarenine 1 1 -dioxide 0.1 hvdrate 
■» 

The product of step (f) (0.57g) was dissolved in 15ml of a tert-butanol- 
tetrahydrofuran (1:5) solution and treated with 4-methyl morpholine-N-oxide (0.57g) 
and 1ml of a 2.5 % by weight solution of osmium tetroxide in tert-butanol. After 
stirring at ambient temperature overnight, the reaction was diluted with ethyl acetate 
and washed three times with saturated aqueous sodium metabisulfite and once with 
water. The organic layer was dried over sodium sulfate, filtered through Florisil and 
concentrated to a golden viscous oil mat solidified to give a tan solid (0.55g), mp 127- 
129°C. 

Analysis: Calcd. C 65.52; H 7.58; N 8.04; S 921 
Found: C 65.61; H 7.80; N 7.73; S 8.91 

•H NMR (DMSO-dg), 8: 0.70 (3H, t); 0.87 (3H, t); 1.0-1.3 (4H, m); 1.3-1.6 (2H, m); 
1.7 (1H, m); 2.0 (1H, m); 2.21 (1H, d); 3.17 (1H, d); 3.39 (1H, d); 5.10 (1H, d); 5.70 
(1H. s); 7.2-7.5 (6H, m); 1 125 (1H, sb) 
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Svmhyric Exwnplc IS 

Preparation of f+-Vtrans-3-hutv1^^^ BzlAz 
bgnzpihi^gping 1 . 1 -florid? 

(a) f^v3-f(7-Amino-2<thy1hg^nthi9>thSQphCTg 

To a solution of a-butyl lithium in hexane (194ml, 1.6M) under nitrogen at -78°C was 
added diethyl ether(120ml) and then dropwise 3-bromothiophene(28mI). The reaction 
was warmed to -30°C and then cooled to -50°C and powdered sulfur (lOg) was added. 
The reaction was stirred 15 hours at room temperature and then a solution of 
potassium hydroxide(24g) in 160 ml water was added and the ether layer was 
discarded. The aqueous layer was treated at -5°C .with 6N hydrochloric acid(125 ml) 
and extracted with dichloromethane and the extract was dried over magnesium 
sulfate. Filtration and solvent removal afforded crude 3-thiophenthi61( 14.1 g). The 
crude 3-thiophenthiol(10g) was combined with 2-butyl-2-ethylaziridine (12.6g, 
Synthetic Example 1(f)) at 0°C and the reaction was stirred 15 hours at room 
temperature. The crude reaction product was purified by column chromatography on 
silica using 5% methanol in diethyl ether as eluant to give the desired product as an 
oil ( 1 6.4g). * H NMK is consistent with proposed structure. 

(b) 

benzodiazepine 

A mixture of the product from step (a) (15g), magnesium sulfate (5g), triethylamine 
(lml), and dichloromethane (40ml) was stirred at room temperature under nitrogen 
and benzaldehyde (6.1g) was added dropwise. The mixture was stirred at room 
temperature for 60 hours then filtered. The filtrate was concentrated, diluted with 
petroleum ether, filtered and concentrated to yield the intermediate benzylidene as an 
oil (18.5g). *H NMR is consistent with the proposed structure. The intermediate 
benzylidene (5g) in THF(15ml) was added dropwise under nitrogen to lithium 
diisopropylamide (8ml, 2M) at -78°C. After 15 minutes the reaction was warmed to 
room temperature for 30 minutes and then cooled to -78°C and saturated ammonium 
chloride (30ml) was added. The reaction was partitioned between water and diethyl 
ether and the organic phase was dried over sodium sulfate, filtered and evaporated to 
5g of an oil. Column chromatography on silica gel eluting with toluene gave L3g of 
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the cis isomer followed by the desired compound as a solid(2.8g). J H NMR is 
consistent with the proposed structure. 

(c) f^VTrms- vbutvl-3-cthvM. 2 4 S-tetrahvdro-5>nhenvlthienor2^-FVI 
benzodiazepine U-dirreirfe 

A solution of the product from step (b) (2.5g) in methanol (50ml) and 
dichloromethane (15ml) was cooled in an ice bath and treated with a solution of 
Oxone (9.2g) in water (60ml) and the reaction was allowed to stir 24 hours at room 
temperature. The reaction was diluted with saturated sodium bicarbonate (100ml), 
extracted with chloroform and the organic extracts were dried over sodium sulfate. 
Solvent was removed under reduced pressure and the residue was purified by column 
chromatography on silica gel eluting with ethyl acetate-petroleum ether (1:9). The 
product was crystallized from ethyl acetate and petroleum ether affording the desired 
compound as an off-white solid (0.65g), mp 123-125°C. 

Analysis: Calcd. C 62.77; H 6.93; N 3.85; S 17.64 
Found: C 62.82; H 6.95; N 3.85; S 17.64 

! H NMR (DMSO-ds), 6: 0.78 (3H, t); 0.82 (3H, t); 1.1 (2H, m); 12 (2H, m); 1.5 (2H, 
m); 1.8 (2H, m); 2.9\(1H, d); 3.36 (1H, d); 3.74 (1H, d); 5.56 (1H, d); 7.3-7.5 (7H, 

^ m) 

Synthetic Fvampfr }Q 

hsDzoihiazaaiifi Uzdifflrids 

The title compound was prepared following the procedures of Synthetic Example 
K a Mj)» but using l-bromo-4,4,4-trifluorobutane in step(c). The product was a 
mixture of cis and trans isomers. Fractional recrystallization gave the title compound, 
a solid, mp 107-123°C (0.5g) which contained 33% of the cis-isomer. 

Analysis: Calcd.: C 61.30; H 5.88: N 3.40: S 7.79; 

Found: C 63.00; H 6.79: N 3.50: S 8.01 
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■H NMR (DMSO-d 6 ), 6: 0.76 (0.9H, u CH 3 ); 0.85 (2.1H. t, CH 3 ); 1.35-1.53 (4H, m); 
1.80 (1H. m); 2.21 (3JL m); 2.81 (1H, t); 3.21 (1H, dd); 3.70 (1H. dd); 5.99 (1H, d, 
CHPh); 6.62 (1H. m f ArH); 7.29 (1H, m, ArH); 7.37 (4H, m, AiH); 7.45 (2H, in, 
ArH); 8.01 (1H ? m. ArH). The peak at 5: 0.76 (0.9H, t, CH 3 ) is associated with the 
cis-isomen the peak at 6: 0.85 (2.1H ? t, CH 3 ) is associated with the title compound 

Each of the following compounds of formula (I) was prepared by a method analogous to one 
of the synthetic routes described above. In all cases, ] HNMR and elemental analysis were 
consistent with the proposed structure. 

Synthetic Sa mples 20-78 

20) (+-)-2,3,4 ? 5-Tetrahydro-5-phenylspi^ 
cyclohexane) 1,1-dioxide, mp 177-179°C; 

2 1 ) (+-)-Ii^.23,4p-tetrahydro-3-isopropyl-3-methylo-phenyl- 1 ,4- 
benzothiazepine 1.1 -dioxide 0.25 H2O, mp 130-132°C; 

22) ( + KS)-2,3,4,5-Tetrahydro-5-phenylspiro(l,4-benzotMazepine-3,r- 
cyclohexane) l,l-dioxide ; mp 210-21 1°C; 

23) (-HR>2,3,4,5-Tetrahydro-5-phenylspiro(l,4-benzothiazepine-34 
cyclohexane) 1,1-dioxide, mp 210-21 1°C; 

24) (+->Ir^-2,3,4p-tetrahydro-3-isopropyl-3-methyl-5-phenyl-l,4- 
benzothiazepine hydrochloride, mp 21 1-213°C; 

25) (^>Cis-2,3,4,5-tetrahydro-3-isopropyl-3-methyl-5-phenyl-l,4- 
benzothiazepine hydrochloride, mp 268-270°C; 

26) (+->3-fi££-Butyl-2 v 3,4,5-tetrahydro-3-methyl-5-phenyl-l,4- 
benzothiazepine hydrochloride, mp 202-205°C; 

27) (+-M,5-Dihydro-5-phenylspiro( 1 ,4-benzothiazepine-3-(2H), 1 f - 
cyclopentane) hydrochloride 025 H2O, mp 224-226°C; 

2 8) (+-)-2,3 ,4,5-Tetrahydro-5-phenylspiro( 1 ,4-benzothiazepine-3 , 1'- 
cyclohexane) hydrochloride IfrO, mp 167-169°C (eff.); 

29) (+->5-(2-Fluorophenyl>2,3A5-tetrahydro^ 
3.1 '-cyclohexane) 1,1-dioxide. mp 160-161°C; 

30 ) (+->£is-3-(2 f 3.4 ? 5-tetrahydro-3-me^ 
yl)propionic acid LI -dioxide 0.5 H2O. mp 132-133°C; 
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3 1 ) (—Means-Ethyl 3-(2 ? 3,4 ¥ 5)-tetrahydro-3-methyl-5-phenyl- 1 ,4- 
benzothiazepin-3-yl)propioniate 1. 1 -dioxide, mp 143-148°C; 

32) (-)-£is-Ethyl 5-(2,3,4 ? 5-tetrahydro-3-methyl-5-pfaenyl-l ,4- 
benzothiazepin-3-yl)valerate 1.1 dioxide, mp 121-122°C; 

33) (-)-lE2ns^^(E)-2-Butenyl)-3-ethyl-2,3,4 ? 5-tetra^ 
benzothiazepine, mp 69-74°C; 

34) (->Iim}S-3-Ethyl-2,3,4,5-tetr^ . 
benzothiazepine 1 , 1 -dioxide, mp 1 1 6- 1 1 8°C; 

35) (^-)-£is-3-i^Butyl-3-ethyl-2 ? 3,4^-tetrahydro-5-phenyl- 1 ,4- 
benzothiazepine l-oxide 1 mp 91-93°C; 

36) >Ci5-3-isQ-Butyl-3-ethyl-2 J,4 J-tetrahydro-5-phenyl- 1 ,4- 
benzothiazepine 1, 1 -dioxide, mp 149-151°C; 

37) (+->Ii^-3-i^-Butyl-3-ethyl-2^ 
benzothiazepine 1 -oxide, mp 92-93°C; 

38) (^-)-Ir^-3-i^-Butyl-3-ethyl-2 ¥ 3.4 ? 5-tetrahydro-5-phenyl-l,^ 
benzothiazepine 1,1-dioxide, mp 101-103°C; 

39) (+-)-£^o-Butyl-3-e%l-2,3,4^ 
benzothiazepine l,Wioxide,mp60-61°C; 

40 ) ( + ->Cis-Ethyl-2,3,4,5-tetrahydro-5-phenyl-l ,4-benzothiazepine-3- 
carbaidehyde 1,1-dioxide, mp 162-164°C; 

4 1 ) (— )-£is-2,3 ,4,5-Tetrahydro-3-isopropyl-3-methyl-5-phenyl- 1 ,4- 
benzothiazepine 1,1-dioxide 0.66 FbO, mp 1 19-I20°C; 

42) (^-)-Ii^-3-Ethyl-2,3,4,5-tetrahydro-3-isopropyl-5-phenyl- 1 ,4- 
benzothiazepine 1,1-dioxide, mp 121-124°C; 

43) (^-)-£is«3-Ethyl-23,4,5-tetrahydro-3-isopropyl-5-phenyl- 1 ,4- 
benzothiazepine 1,1-dioxide, mp 150-152°C; 

44) (+*£is-3-Butyl-3*^ 
benzothiazepine l,l-dioxide ? mp 202-205°C; 

45) ( r - )-Iraaa-3-(3-Ethyl-2.3.4,5-tetrahydro-5-phenyl- 1 ? 4-benzothiazepin-3- 
yDpropanol 1,1-dioxide mp 164-165°C; 

46) l"--)-Il2nsO-Ethy^ 
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(3-methoxypropyI)-l ? 4-benzothiazepine 1,1 -dioxide hydrochloride, mp 
179-1810Q 

(+-)-£i^3-Buiyi-3-ethy^^ 

thiazepineLl-dioxide 0.333 H20 ? mplll-1120C;' V 

(H-£^-3-Butyl-3-ethyl-2^ 
benzothiazepine 1 . 1 -dioxide, mp 50-52°C; 

(+-)-£is-3-Butyl-3-e^ 

l,4^thiazepine Ll-dioxide 0.125 H2O, mp 75-77°C; 

( + -)-2,3,4 s 5-Tetrahydro-7-methoxy-5^ 
3,1-cyclohexane) l,l-dioxide ? mp 142-143<>C; 

(+-)-Xl^-H3-Ethyl-2J,4>^ 

benzothiazepin-3-yl)-2-butanone S,S-dioxide hydrochloride,' mp 175- 
1760C; H 

Trans-3-butyl-3-ethyl-2,3A^ 
1,4-benzothiazepine 1,1-dioxide, mp 128-13 1°C; 

M-JianSo-Buryl-3-e^ 
benzothiazepine 1,1-dioxide, mp 50-53°C; 

(+->Il^-3-But)^3-ethyl-2,3,4,5-tetrahydro-5-(3-py^ 
benzothiazepine l;r=dioxide 0.25 hydrate, mp 153-155°C; 

(H-I^-l-(3-Ethyl-2J,4,5-tet^ 

benzothiazepin-3-y l)-2-butanone S,S-dioxide, mp 142- 1 46° C; * 

(+->Il^-3-(l-butenyl^ 
-1,4-benzothiazepine 1,1-dioxide 

(+*Il^-3-(l-butenyl)-3^ 

phenyl -1,4-benzothiazepine 1,1-dioxide 

(+-)-I^-l -(3-Ethyl-2 J,4 ? 5- 
benzothiazepin-3-yl)-3-butanone S,S-dioxide 

(+-)-li^-l-(3-E%l-2JA5^ 
benzothiazepin-3-yI)-3-butanone S,S-dioxide 

(+-)-Il^-H3-Ethyl-2J.4.5-tetrahydro-8-methoxy-5-pheny 
benzothiazepin-3-yl)- 1 -butanone S ? S-dioxide 

(+-)-IailS-l-(3-EthyI-2J.4,5-tetndiydro-7,8-dimethoxy-5-phenyi 
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beiizothiazepin-3-yl)-l-butanone S.S-dioxide 

(+-)-Trans- 1 -(3-ethyl-2.3 ,4,5-terrahydro-8-methoxy-5-pheny 1- 1 ,4- 
benzothiazepin-3-y I)-4 A4«trifluoro- 1 -butanone S,S-dioxide 

(+-)-Trans- 1 -(3-ethyl-2.3 ,4,5-traahydro-7,8-dimethoxy-5-phenyl- 1 ,4- 
benzothiazepin-3-ylH A4-trifluoro- 1 -butanone S,S-dioxide 

(+->Tians-K3^yl-2^ ? 4,5-teirahydro-7,8-dimethoxy-5 
benzothiazepin-3-yl)-3,3,4,4,4-peiiiafluoro-2-butaiione S,S-dioxide 

(+-)-Trans- 1 -(3-ethyl-2J ,4,5-tetrahydro-8-methoxy-5-pheny 1- 1 ,4- 
benzothiazepin-3-yl)-3,3,4,4 ? 4-peniafluoro-2-buanone S,S-dioxide 

(+->Trans-l-(3-ethyl-2,3,4,5-te^ 
benzothiazepin-3-yl)-4 ? 4 ? 4-trifluoro-2-butanone S,S-dioxide 

(+-)-Ti^-K3^yl-2 ? 3A5-tetrahydro-8-methoxy-5-phenyI-l,4- 
benzothiazepin-3-yl>4 ? 4,4-trifluoro-2-buianone S,S-dioxide 

(+->Trans-3-ethyl-2,3,4,5-tet^ 
4-trifluorobutyl)-l,4-benzotMazepine 1,1 -dioxide 

(+-)-Tira-3-ethyl-2,3A5-tetrahy^ 
4-trifluorobutyl>l,4-ben20thiazepine 1,1-dioxide 

(+-)-Il^-l-(3-(22'2-trifluoroetbyl)-2,3,4,5^ 
phenyl-1,4- benzothiazepin-3-yl)-2-butanone S,S-dioxide 

(+-)-Il^-l-(3K2^^-trifluoroethyl>2,3,4,5-ieirahy 
phenyl-1,4- benzothiazepin-3-yl)-2-buianone S,S-dioxide 

(+-)-Il2ns- 1 -{3-Ethy 1-2,3 ,4,5-terrahydro-9-methoxyo-pheny 1- 1 ,4- 
benzothiazepin-3-yl>2-butanone S,S«dioxide 

(+->Trans-3-((3-ethyl-2^ 

benzothiazepin-7-yl)oxy)propanesulfonic acid 1,1-dioxide 

(+-)-Iran5- l-(3-Ethyl-2,3,4,5-tetrahydro-7,8-diethoxy-5-phenyl.l .4- 
benzothiazepin-3-yl)-2-butanone S.S-dioxide 

(-H-)-IranS- 1 -(3-Ethyl-2J ? 4,5-tetrahydro-7,8-dimethoxy-4-hydroxy-5-pheny 1- 
1 .4-benzothiazepin-3-yl)-2-butanone S.S-dioxide 

(+-)-Trans-3-((3-ethyI-2.3,4,5-te^ 
benzothiazepin-8-yl)oxy)propanesulfonic acid 1.1 -dioxide 
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77) i^-Trans-2K(3^thyI-^ i .4. 
benzothiazepin-7-yl)oxy)ethyltrimethylammonium iodide 1,1 -dioxide 

78) (+->Trans-2-((3-ethyl-2,3,4i-te^ 
benzotMa2epin-8 % vl)oxy)ethyltrimethylammoniuin iodide U-dioxide 

. Pharmaceutical Composit ion Examples 

In the following Examples, the active compound can be any compound of formula (I) 
and/or a pharmaceutical^ acceptable salt, solvate, or physiologically functional 
derivative thereof. The active compound is preferably 3-methyl-3-isopropyl-2,3,4,5- 
terrahydroo-phenyl-1 ,4-benzothiazepine 1,1-dioxide or one of the compounds of 
Synthetic Examples 2 to 30. 

(0 Tablet crwnprwjtjppc 

The following compositions A and B can be prepared by wet granulation of ingredients (a) 
to (c) and (a) to (d) with a solution of povidone, followed by addition of the magnesium 
stearate and compression. 

Compositing ft 







mg/tablet 


mg/tablet 


(a) 


Active ingredient 


250 


250 


(b) 


Lactose B.P. 


210 


26 


(c) 


Sodium Starch GlycoUate 


20 


12 


(d) 


Povidone B.P. 


15 


9 


(e) 


Magnesium Stearate 


_s 








500 


300 


Composition I? 










mg/tahlet 


mg/mMer 


(a) 


Active ingredient 


250 


250 


(b) 


Lactose ISO 


150 




(c) 


Avicel PH 101 


60 


26 ' 


(d) 


Sodium Starch Glycollate 


20 


12 


(e) 


Povidone B.P. 


15 


9 


(0 


Magnesium Stearate 


_i 








500 


300 
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Composition C 

mptablet 

Active ingredient 100 

Lactose 200 

Starch 50 
Povidone 5 

Magnesium Stearate .4 



359 

The following compositions D and E can be prepared by direct compression of the admixed 
ingredients. The lactose used in formulation E is of the direct compression type. 

Composition D 

mgy'tablet 

Active ingredient 250 
Magnesium Stearate 4 
Pregelatinised Starch NF15 146 

400 

Composition E 



Active ingredient 
Magnesium Stearate 
Lactose 
Avicel 



Composition F (Controlled release compositing 



mg/tabkt 

(a) Active ingredient 500 

(b) Hydroxypropylmethylcellulose 1 12 
(Methocel K4M Premium) 

(c) Lactose B.P. 53 

(d) Povidone B.P.C. 28 

(e) Magnesium Stearate _7 

700 



mg/tabla 
250 
5 

145 
ICQ 
500 
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The composition can be prepared by wet granulation of ingredients (a) to ( c) with a solution 
of povidone, followed by addition of the magnesium stearate and compression. 

Composition G ^Enteric-coated tablet! 

Enteric-coated tablets of Composition C can be prepared by coating the tablets with 
25mg/tablet of an enteric polymer such as cellulose acetate phthalate, polyvinylacetate 
phthalate, hydroxypropylmethyl-cellulose phthalate, or anionic polymers of methacrylic 
acid and methacrylic acid methyl ester (Eudragit L). Except for Eudragit L, these polymers 
should also include 10% (by weight of the quantity of polymer used) of a plasticizer to 
prevent membrane cracking during application or on storage. Suitable plasticizers include 
diethyl phthalate, tributyl citrate and triacetin. 

Composition FT fHmeric-coated controlled release tablet! 

Enteric-coated tablets of Composition F can be prepared by coating the tablets with 
50mg/tablet of an enteric polymer such as cellulose acetate phthalate. polyvinylacetate 
phthalate, hydroxypropylmethyl- cellulose phthalate, or anionic polymers of methacrylic 
acid and methacrylic acid methyl ester (Eudgragit L). Except for Eudgragit L, these 
polymers should also include 10% (by weight of the quantity of polymer used) of a 
plasticizer to prevent membrane cracking during application or on storage. Suitable 
plasticizers include diethyl phthalate, tributyl citrate and triacetin. 

(ii) Capsule compositinm 

Composition A 

Capsules can be prepared by admixing the ingredients of Composition D above and filling 
two-part hard gelatin capsules with the resulting mixture. Composition B (infra) may be 
prepared in a similar manner. 

Composition B 

mg/capsyle 

(a) Active ingredient 250 
•(b) Lactose B.P. 143 
(c) Sodium Starch Glycollate 25 
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(d) Magnesium Stearate J± 

420 



(a) Active ingredient 250 

(b) Macrogol 4000 BP 25£t 

600 

Capsules can be prepared by melting the Macrogol 4000 BP, dispersing the active ingredient 
in the melt and filling two-part hard gelatin capsules therewith. 

Composition O 

mg/capsule 

Active ingredient 250 
Lecithin 100 
Arachis Oil iqq 

450 

Capsules can be prepared by dispersing the active ingredient in the lecithin and arachis oil 
and filling soft, elastic gelatin capsules with the dispersion. 

Composition E (Controlled release sagaik) 

(a) Active ingredient 250 

(b) Microcrystalline Cellulose 125 

(c) Lactose BP 125 

(d) Ethyl Cellulose J2 

513 

The controlled release capsule formulation can be prepared by extruding mixed ineredients 
(a) to (c) using an extruder, then spheronising and drying the extrudate. The dried pellets 
are coated with a release controlling membrane (d) and filled into two-part, hard gelatin 
capsules. 
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Composition F fEnteric capsuled 







mg/capsvle 


(a) 


Active ingredient 


250 


(b) 


Microcrystalline Cellulose 


125 


(c) 


Lactose BP 


125 


(d) 


Cellulose Acetate Phthalate 


50 


(e) 


Diethyl Phthalat 


_5. 






555 



The enteric capsule composition can be prepared by extruding mixed ingredients (a) to (c) 
using an extruder, then spheronising and diving the extrudate. The dried pellets are coated 
with an enteric membrane (d) containing a piasticizer (e) and filled into two-part, hard 
gelatin capsules. 

Composition G (Enteric-coated controlled release capsuled 

Enteric capsules of Composition E can be prepared by coating the controlled-release pellets 
with 50mg/capsule of an enteric polymer such as cellulose acetate phthalate, 
polyvinylacetate phthalate, hydroxypropylmethylcellulose phthalate, or anionic polymers of 
methacrylic acid and methaciylic acid methyl ester (Eudragit L). Except for Eudragit L, 
these polymers should also include 10% (by weight of the quantity of polymer used) or a 
piasticizer to prevent membrane cracking during application or on storage. Suitable 
plasticizers include diethyl phthalate, tributyl citrate and triacetin. 

(iii) Intravenous injection co mposition 

Active ingredient 0200g 
Sterile, pyrogen-free phosphate buffer (pH 9.0) to 10 ml 

The active ingredient is dissolved in most of the phosphate buffer at 35-40°C, then made up 
to volume and filtered through a sterile micropore filter into sterile 10 ml glass vials (Type 
1) which are sealed with sterile closures and overseals. 

(iv) Intramuscular injection composition 

Active ingredient 0.20 g 
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Benzyl Alcohol 0.10 g 

Glycofurol75 1.45 g 

Water for Injection q.s.to 3.00 ml 



The active ingredient is dissolved in the glycofurol. The benzyl alcohol is then added and 
dissolved, and water added to 3 ml. The mixture is then filtered through a sterile micropore 
filter and sealed in sterile 3 ml glass vials (Type 1). 

(v) Snup composition 



Active ingredient 0.25g 

Sorbitol Solution i.50g 

Glycerol l.OOg 

Sodium Benzoate O.OOSg 

Flavour 0.0125ml 

Purified Water q.s. to 5.0ml 



The sodium benzoate is dissolved in a portion of the purified water and the sorbitol solution 
added. The active ingredient is added and dissolved. The resulting solution is mixed with 
the glycerol and then made up to the required volume with the purified water. 

(vi) Suppository composition 



Active ingredient 

Hard Fat BP (Witepsol HI 5 - Dynamit NoBel) 

One-fifth of the Witepsol HI 5 is melted in a steam-jacketed pan at 45°C maximum. The 
active ingredient is sifted through a 2001m sieve and added to the molten base with mixing, 
using a Silverson fitted with a cutting head, until a smooth dispersion is achieved. 
Maintaining the mixture at 45 C, the remaining Witepsol H15 is added to the suspension 
which is stirred to ensure a homogenous mix. The entire suspension is then passed through 
a 2501m stainless steel screen and, with continuous stirring, allowed to cool to 40°C. At a 
temperature of 38-40 C 2.02g aliquots of the mixture are filled into suitable plastic moulds 
and the suppositories allowed to cool to room temperature. 

(vii) Pessary composition 



nig/suppository 
250 

2020 
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m g/pessary 



Active ingredient (631m) 
Anhydrous Dextrose 
Potato Starch 
Magnesium Stearate 



250 
380 
363 

_Z 

1000 



The above ingredients axe mixed directly and pessaries prepared by compression of the 
resulting mixture. 

(viii) Transdermal composition 



Hydroxyethyl cellulose 

The active ingredient and alcohol USP are gelled with hydroxyethyl cellulose and packed in 
a transdermal device with a surface area of lOcm^ 

Biological Assay 

In vitro inhibition of hile acid }]? r*V T 

Freshly prepared rat distal ileal brush border membrane vesicles (about 200mg vesicle 
protein) were incubated for 30 seconds at 24 C in an incubation mixture comprising 101M 
3 H taurocholate, lOOmM NaCl (or KC1) and 80mM mannitol in 20mM Herpes Tris pH 7.4. 
Each test compound was dissolved in ethanol (or water) and then diluted with incubation 
mixture to an ethanol concentration of not more than 1% v/v. The incubation was 
terminated by rapid dilution and filtration and the filter washed with an ice-cold isotonic 
sodium-free buffer. 

The uptake of taurocholate was measured by the radioactivty remaining on the filter and 
converted to pmoles/mg vesicle protein. The active, k sodium-dependent, uptake was 
obtained by subtracting the passive uptake measured in lOOmM KC1 from the total uptake 
measured in lOOmM NaCl. The active uptake for each test compound was compared with a 
control active uptake and the results expressed as % inhibition of bile acid uptake. 



Active ingredient 
Alcohol USP 



200mg 
0.1ml 
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Below is given data for compounds of the invention showing % inhibition of bile acid 
uptake at various concentrations of compound. 



5 


98 


94 


83 


60 


3 


95 


86 


67 


38 


51 


100 


100 


91 


66 


4 


90 


77 


54 


28 


12 


87 


64 


44 


28 


2 


77 


64 


39 


11 


7 


53 








10 


69 








11 


64 


36 


33 


15 


42 


42 








39 


14 








20 


27 
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CLAIMS 

1 . A compound of formula (I) : 




(0 



wherein 

1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aryl, 
heteroaryl, aryloxy, arylaikoxy, aralkyl, alkaryl, -OCCH^SC^R 1 1, 
-0(CH2)pNRl 1R12, -0(CH 2 ) p N + Rl 1r12r14 corI 1, -CO2R 1 1 -CONR* 1r12 
-CH 2 ORl 1, -NRl 1r12 -NHCOR* 1, -NHSO2R 1 \ -SR 1 1 , -SO2R 1 \ 
-S02NR n Rl2 .SO3R 11 , wherein p is an integer from 1 to 4, R^ and R*2 are 
independently selected from hydrogen, C^g alkyl and phenyl, and R* 4 is hydrogen 
or C]_6 alkyl, or R is a group -OCIhO- which forms a further ring attached to X, 
wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylaikoxy, aralkyl and alkaryl 
groups are optionally substituted by one or more atoms or groups selected from 
halogen, nitro, nitrile, alkyl, alkoxy, -COR 11 , -CO2R 11 , -SC^R 1 * wherein R 1 * is 
as hereinbefore defined and tNR 14 r15 wherein R 14 is as hereinbefore defined and 
R 15 is hydrogen or Ci^ alkyl; 

R 1 is hydrogen or C\_$ alkyl; 

R- is an atom or group selected from hydrogen, C\.$ alkyl (including cycloalkyl 
and cycloalkylalkyl), (4.4 alkoxy, pynyl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl 
and naphthyl, which groups are optionally substituted by one or more atoms or 
groups independently selected from halogen, cyano. nitro, carboxyl, phenyl, 
phenoxy, benzyloxy, -COR^ , -CCbR 1 1 -CONR* 1r12, .CH 2 ORl 1, -NRl 1r12 ? 
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-NHCORl 1 , -NHSChRl ] , -SRl \ -SOoR 1 J . -S0 3 Rl 1 (wherein Rl 1 and Rl2 are as 
hereinbefore defined). -0(CH 2 ) p NR 1 ] R 12 . -0(CH 2 )pN + R 1 1r12r13 
-0(CH2) p SO3R 1 1 (wherein p, R 1 1 and R 12 are as hereinbefore defined and Rl3 i s 
hydrogen or C].g alkyl); 

R 3 is hydrogen, OH, Cj.fi alkyl Cj.g alkoxy or -OCj.6 acyl; 

R 4 is a group independently selected from Cj.6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo, C M alkoxy. -C0 2 R 14 , -NRMrH . SR 14 .S(0)C^ 6 alkyl, .S0 2 R 14 , 
-SO3RI 4 (wherein R 14 and R 15 are hereinbefore defined); 

R D is a group independently selected from C 2 _6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 .6 alkenyl, and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo. Cm alkoxy, -C0 2 R* 4 -NRMRl5 f . S Rl4 -S(0) C w alkyl -S0 2 R* 4 , 
-SO3R 1 4 (wherein R 14 and R ] 5 are hereinbefore defined); 

or R 4 and together with the carbon atom to which they are attached, form a C3.7 
spiro cycloalkyl group which is optionally substituted by one or more atoms or 
groups independently selected from halogen, Cj.g alkoxy, -C0 2 R 14 -SO3R 14 and 
-NR14r15 (where R* 4 and R 15 are as hereinbefore defined); 

R6 and R 7 are independently selected from hydrogen and Cj^ alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 
to 10 carbon atoms (including the two carbon atoms forming part of the thiazepine 
ring) wherein optionally one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur, 

with the proviso that when 1 is an integer of from 0 to 4, R 1 = R 6 = R7 = H, R 3 = H 
or OH, R 2 = unsubstituted phenyl or phenyl substituted by one or more atoms or 
groups independently selected from halogen, nitro, phenylalkoxy, Cm alkoxy, C^g 
alkyl and -0(CH 2 ) p SO3R 1 1 wherein p and Rl 1 are as hereinbefore defined, wherein 
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or 
more halogen atoms, and X is a fused phenyl ring, then R 4 is other than a Cj.g 
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straight alkyl group and is other than a C 2 -5 straight aikyl group, and salts, 
solvates and physiologically functional derivatives thereof. 

2. A compound as claimed in claim 1 which is a trans isomer wherein 
1 is 0, 1 or 2; 

n is 1 or 2; 

R 1 , R 6 and R 7 are all hydrogen; 
R3 is hydrogen or hydroxy; and 

X is a fused phenyl, naphthyl, pyrryl, thienyl or pyridyl, group. 

3. A compound as claimed in claim 1 or claim 2 wherein 
lisOor 1; 

n is 2; and 

R 2 is pyrryl, thienyl, pyridyl, phenyl or naphthyl, .such groups being optionally, 

substituted by one or more atoms or groups independently selected from halogen, 

cyano, nitro, carboxyl, phenyl, phenoxy, benzyloxy, -COR 11 , 

-CO2R 11 , -CONRl*Rl2 .CH 2 ORH, -NR^R 12 -NHCORn 

-NHS0 2 R n , -SR 11 , -S0 2 R n , -SO3RII (wherein R 11 and R 12 are independently 

selected from hydrogen, Ci_g alkyl and phenyl), 

^(CH^NRHrI 2 -OCCH^N+rHrUrO md -0(CH 2 ) p S0 3 Rll (wherein p is 
an integer of from 1 to 4, R 11 and R 12 are as hereinbefore defined and R 13 is 
hydrogen or C^g alkyl). 
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A compound as claimed in Claim 1 which is : 

(-MRR)o-butyloH^ jj. 
dioxide: 

( + -MransO-((E)-2-butenyl>^ 
benzothiazepine 1 . 1 -dioxide; 

(+-)-transo-e%l-2 r 3,4 ? 5-tetrahydroOK3-methoxypropyl)-5-phenyl-l,^ 

benzothiazepine 1,1 -dioxide; 

(+-)-trans-l-(3-e^ 

butanoneS ? S-dioxide; 

( + ^-trans-l-(3-ethyl^^ 

yl)-2-butanone S f S-dioxide hydrochloride 1.1 hydrate; 
( + ->trans-3-(l-butenyl)^ 
dioxide hydrochloride 0.4 hydrate; 
(+->trans-3-(ethox7ethy0 

benzothiazepinel,l-dioxide hydrochloride hemihydrate; 
(+->trans-3-(ethoxymethyl>3-ethyl-2,3,4 ? 5-tetrahy 
benzothiazepinel ,1 -dioxide hydrochloride; 

(+->trans-ethyl 3-(3-ethyl.2 9 3,4,5-tetrahydro-5-phenyl-l ,4-benzothiazepin-3- 

yl)propionate 1,1-dioxide; 

(+0-trans-(E)-4-(3-e%I-2,3^ 

buten-2-one 1,1-dioxide; 

(+0-2 ¥ 3,4 ? 5-teti^ydro-8-methoxy 

cyclohexane) 1 , 1 -dioxide: 

(+->tira-3-butyl.3-e% 

dioxide; 

(+*trans-3-butyl-3-e^^ 
benzothiazepine 1,1-dioxide; 
(+-)-tr^s-3-butyl-3-e^ 
dioxide; 

(+-)-trans-3-butyl-3-ethyl-2,3 s 4,5-tetrahydro-5-(l H-pyirol- 1 -yl)-l ,4- 
benzothiazepine 1 , 1 -dioxide; 
(+->trans-3-butyl-3-e^ 
benzothiazepine 1.1 -dioxide; 

(+-)-trans-3-butylO-ethyl^ 

benzothiazepine 1.1 -dioxide 0.1 hydrate; 
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(+-)-transO-butyl-3-eihvl^^ 
benzothiazepine 1 , 1 -dioxide: 

(+-)-trans-3-ethyl-23 5 4,5-telrahydro-5-pheny]-3-(4,4 1 4-trifluoro^ 
benzothiazepine 1 , 1 -dioxide; 
(+->trans-2,3,4,5-tetrahydro-3-isopropyl-^^ 
l,l-dioxide0.25H 2 O; 

(+->trans-3-((E)-2-Butenyl)-3-ethyl-2 t 3,4,5-tetrahydro-5-phenyl-l l 4- 
benzothiazepine; 

(+-)-Cis-2,3 ,4,5-Tetrahydro-3-isopropyl-3-methyl-5-phenyI- 1 ,4-benzothiazepine 1,1- 
dioxide 0.66 H2O; 

(+-)-trans-3-(3-Ethyl-2,3,4,5-tetrahyc^ 
1.1 dioxide; 

(+-)-trans-3-Ethyl-5-(4-Fluoro^^ 

methoxypropyl)-l,4-benzothiazepine LI -dioxide hydrochloride; 

(+-)-2,3,4,5-Tetrahydro-7-methoxy-5-pheny^ 

cyclohexane) 1,1 -dioxide; 

(+-)-trans- 1 -(3 -Ethy 1-2,3 ,4,5-tetrahy dro-7-methoxy-5-phenyl- 1 ,4-benzothiazepin-3- 
yl)-2-butanone S,S-dioxide hydrochloride; 
(+-)- trans-3-butyl-3-ethyl-23,4 s 5-tetrahydro-5-phenylnaphtho 
benzothiazepine 1 , 1 -dioxide; 

(+.)-trans-l-(3-E%l-23 3 4,5-tetrahydro-7,8-dimethoxy-5-phenyl-l 3 4- 
benzothiazepin-3-yl)-2-butanone S,S-dioxide; 

(-r-)-trans-3-(l -butenyl)-3-ethyl-2p ) 4,5-tetrahydro-7 5 8-dimethoxy-5-phenyl -1 ,4- 
benzothiazepine LI -dioxide; 

(+-)-trans-l-(3-Ethyl-2,3 9 4,5-tetrahydro-7,8-dimethoxy-5-phenyl- 
benzothiazepin-3-yl)-3-butanone S,S-dioxide; 

(+-)-trans- 1 -(3-Ethy 1-2,3 ,4,5-tetrahydro-8-methoxy-5-phenyl- 1 ,4-benzothiazepin-3- 
yl)-l-butanone S,S-dioxide; 

(+-)-trans-l-(3-Ethyl-2,3,4,5-teti^ydro-7,8-dimethoxy-5-phenyl-lA 
benzothiazepin-3-yl>l-butanone S,S-dioxide; 
(+-)-trans- 1 -(3 -ethy 1-2,3 ,4 ,5-tetrahy dro-7, 8-dimethoxy-5-pheny 1- 1 ,4- 
benzothiazepin-3-y!)-4 ^4-trifluoro-l -butanone S,S-dibxide; 
(+-)-trans- 1 -(3-ethy 1-2,3 ,4,5-tetrahydro-7,8-dimethoxy-5-phenyl- 1 ,4- 
benzothiazepin-3-yl)-3.3,4.4,4-pentafluoro-2-butanone S,S-dioxide; 
(-r-)-trans- 1 -(3-ethyl-2,3 ? 4,5-tetrahydro-7,8-dimethoxy-5-phenyl- 1 ,4- 
benzothiazepin-3-yl)-4,4,4-trifluoro-2-butanone S.S-dioxide; 
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(+-)-transo^thyl-2JA5<etraty 

trifluorobutyl)- 1 ? 4-benzothiazepine 1 , 1 -dioxide; 

(+-)-trans-l-(3-(2 ? 2,2-t^ 

1,4- benzothiazepin-3-yl)-2-butanone S ? S-dioxide; 

(+-^trans- 1 -(3-Ethyl-2^ 

3-yl)-2-butanone S,S-dioxide; 

( + -)-trans-3-((3-ethyW^ 

benzothiazepin-8-yl)oxy)propanesulfonic acid 1 , 1 -dioxide; 
(+->trans-2-((3-ethyl-2^ 

ben20thiazepin-8-yl)oxy)ethyltrimethylammoniu^ iodide 1,1 -dioxide; 
A compound as claimed in claim 1 of the formula (la): 




wherein 

1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aryl, 
heteroaryl, aryloxy, arylalkoxy, aralkyl, alkaryl, -COR 11 , -CO2R 1 1 i -CONR^R^, 
-CH2OR 11 , -NRHr 1 ^ -NHCOR 11 , -NHS0 2 R n , -SR", -SCbR 11 , -SO3R 11 
wherein R 11 and R 12 are independently selected from hydrogen, alkyl and 
phenyl, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, aralyl and 
alkaiyl groups are optionally substituted by one or more atoms or groups selected 
from halogen, nitro, nitrile, alkyL alkoxy, -COR 11 , -CCbR 11 , -SO3R 11 wherein R 11 
is as hereinbefore defined and -NR^R 1 * wherein R 14 and R 1 * are as hereinbefore 
defined; 

R 1 and R 3 are independently selected from hydrogen and Ci.g alkyl: 
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R~ is an atom or group selected from hydrogen, C^g alky] (including cycloalkyl and 
cycloalkylalkyl), Q-4 alkoxy, pyrryl, thienyl, pyridyl, 1,3-benzodioxolo, phenyl and 
naphthyl, which groups are optionally substituted by one or more atoms or groups 
independently selected from halogen, cyano, nitro, carboxyl, phenyl, phenoxy, 
benzyloxy, -COR 1 K -C0 2 Rl K -CONRl 1r12, -CH 2 ORl 1, -nrI 1r12 > .nHCOR* * , 
-NHSO2R 1 \ -SR 1 K -S0 2 R n , -SO3R 1 1 (wherein R* 1 and R*2 are independently 
selected from hydrogen, C]_6 alkyl and phenyl), -0(CH2) NR 1 1 R 12 , 
-0(CH 2 ) N + R n R 12 Ri3 and -0(CH 2 ) SO3R 11 (wherein pis an integer of from 1 
to4,RH P andRl2 are as hereinbefore defined and R^ is hydrogen or C^g alkyl); 

is a group independently selected from Ci_g alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 _6 alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
C M alkoxy, -C0 2 Rl 4 , -NRl 4 Rl5, -SO3R 14 (wherein R* 4 and are 
independently selected from hydrogen and Cj^g alkyl) and R* 6 COR 17 where R 16 is 
a Cj_4 alkylene group and R 17 is a alkyl group; 

R5 is a group independently selected from C 2 .g alkyl (including cycloalkyl and 
cycloalkylalkyl), C 2 _g alkenyl and C 2 .g alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
C M alkoxy, -C0 2 Rl 4 -NRl 4 Rl5, -SO3R 14 (wherein RM and Rl5 are 
independently selected from hydrogen and C]_6 alkyl) and -R 16 COR 17 where R 16 is 
a C\_4 alkylene group and R J7 is a Cj_4 alkyl group; 

or R 4 and R 5 , together with the carbon atom to which they are attached, form a C3.7 
spiro cycloalkyl group which is optionally substituted by one or more atoms or groups 
independently selected from halogen, alkoxy, -CC^R 14 -SO3R 14 and 
-NR* 4 Rl5 (where R* 4 and RlS are as hereinbefore defined; 

and R 7 are independently selected from hydrogen and C\ m $ alkyl;. and 

1 
1 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 to 
10 carbon atoms (including the two carbon atoms forming part of the thiazepine ring) 
wherein optionally one or more of the carbon atoms is/are replaced by heteroatom(s) 
independently selected from nitrogen, oxygen and sulphur; 
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with the proviso that when 1 is an integer of from 0 to 4, R l = R 3 = R 6 = R? = H, R 2 
= unsubstituted phenyl or phenyl substituted by one or more atoms or groups 
independently selected from halogen, nitro, phenylalkoxy, Cj^ alkoxy, C^g alkyl 
and -0(CH2) SO3R 11 wherein p and R 1 1 are as hereinbefore defined, wherein said 
phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or more 
halogen atoms, and X is a fused phenyl ring, then R 4 is other than a straight 
alkyl group and R^ is other than a C2.5 straight alkyl group; and 

salts, solvates and physiologically functional derivatives thereof. 
6. A compound of formula (I) : 




(D 



wherein 

1 is an integer of from 0 to 4; 
n is an integer of from 0 to 2; 

R is an atom or group selected from halogen, cyano, nitro, alkyl, alkoxy, aryl, 
heteroaxyl, aiyloxy, arylalkoxy, aralkyl, alkaiyl, -0(CH2)pSC>3Rl 1, 
-0(CH2)pNRl lRl2 t -0(CH2)pN+ Rl 1r12r14 _c 0R l \ -CC^R 1 *, 
-CONRl lRl2 -CH 2 ORl K -NR 1 lRl2 -NHCORll, -NHSCfcR" -SR 1 \ 
-SO2R 1 K -SC^NR 1 J R 12 , -SO3RI 1 wherein p is an integer of from 1 to 4, Rl 1 and 
R 12 are independently selected from hydrogen, alkyl and phenyl, and R 14 is 
hydrogen or Cj^ alkyl, or R is a group -OCIfrO- which forms a further ring 
attached to X, wherein said alkyl, alkoxy, aryl, heteroaryl, aryloxy, arylalkoxy, 
aralkyl and alkaryl groups are optionally substituted by one or more atoms or groups 
selected from halogen, nitro, nitrile, alkyl, alkoxy, -COR 1 !, -CCbR 11 , -SO3R 11 
wherein. Rll is as hereinbefore defined and -NR 14 R!5 wherein R* 4 is as 
hereinbefore defined and R 15 is hydrogen or alkyl; 
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R 1 is hydrogen or alkyl; 

R 2 is an atom or group selected from hydrogen, Cj.6 alkyl (including cycloalkyl 
and cycloalkylalkyl), alkoxy, pyrryl, thienyl, pyridyl, 1.3-benzodioxolo, phenyl 
and naphthyl, which groups are optionally substituted by one or more atoms or 
groups independently selected from halogen, cyano, nitro, carboxyl, phenyl, 
phenoxy, benzyloxy, -COR 1 1 1 -CO2R 1 -CONR* 1r12, -CH2OR 1 1, -NRl IrI 2 
-NHCORll ? -NHS02R 11 ,-SR 11 ,-S02R 11 -S0 3 R^ (whereinR 11 andRl2areas 
hereinbefore defined), -0(CH 2 ) p NRl !R 12 , -0(CH 2 )pN+RllRl 2 Rl3 and 
-0(CH2) p S03R 1 1 (wherein p, R 1 1 and R 12 are as hereinbefore defined and R*3 is 
hydrogen or C^g alkyl); 

R 3 is hydrogen, OH, C^g alkyl, Cj_6 alkoxy or -OCj-6 acyl; 

is a group independently selected from C^g alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl and C2-6 alkynyl, which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo, C M alkoxy, -CO2R 14 -NR 14 Rl 5 , -SR 14 -S(0)C!. 6 alkyl, -SO2R 14 
-SO3R 14 (wherein R 14 and R 1 5 are as hereinbefore described); 

R5 is a group independently selected from C2-6 alkyl (including cycloalkyl and 
cycloalkylalkyl), C2-6 alkenyl, and C2-6 alkynyl, • which groups are optionally 
substituted by one or more atoms or groups independently selected from halogen, 
oxo, C M alkoxy, -C0 2 R 14 -NRl 4 Rl5, .SR 14 -S(0)C!. 6 alkyl, -SO2R 14 
-SO3RI 4 (wherein R 14 and Rl 5 are as hereinbefore defined); 

or R 4 and R^, together with the carbon atom to which they are attached, form a C3.7 
spiro cycloalkyl group which is optionally substituted by one or more atoms or 
groups independently selected from halogen, C^g alkoxy, -CO2R 14 , -SO3R 14 and 
-NRl 4 Rl5 (where Rl 4 and Rl5 are as hereinbefore defined: 

R6 and R? are independently selected from hydrogen and'C^g alkyl; and 

X is an aromatic or non-aromatic monocyclic or bicyclic ring system having from 5 
to 10 carbon atoms (including the two carbon atoms forming part of the thiazepine 
ring) wherein optionally one or more of the carbon atoms is/are replaced by 
heteroatom(s) independently selected from nitrogen, oxygen and sulphur; 
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with the proviso that when 1 is an integer of from 0 to 4, R* = r6 = r7 = h, R 3 = H 
or OH, R2 = unsubstituted phenyl or phenyl substituted by one or more atoms or 
groups independently selected from halogen, nitro, phenylalkoxy, Cj_4 alkoxy, Ci_g 
alkyl and -0(CH2) p SO3R I 1 wherein p and R 1 1 are as hereinbefore defined, wherein 
said phenylalkoxy, alkoxy and alkyl groups are optionally substituted by one or 
more halogen atoms, and X is a fused phenyl ring, then R^ is other than a C^g 
straight alkyl group and R$ is other than a C2-5 straight alkyl group, and 

salts, solvates and physiologically functional derivatives thereof for use in therapy, " 

7. A compound as claimed in claim 6 for use in the prophylaxis or treatment of clinical 
conditions for which a bile acid uptake inhibitor is indicated. 

8. A compound as claimed in claim 7 for use in the prophylaxis or treatment of 
atherosclerosis. 

9. A pharmaceutical formulation comprising a compound of formula (I) as defined in 
Claim 1 or of formula (la) as defined in claim 5 together with one or more 
phannaceutically acceptable carriers and, optionally, one or more other 
physiologically active agents. 

10. A pharmaceutical formulation as claimed in claim 9 wherein the compound of 
formula (I) or (la) is as defined in any one of claims 2 to 4. 

11. The use of a compound as claimed in any one of claims 1 to 5 in the manufacture of 
a medicament for the prophylaxis or treatment of a clinical condition for which a bile 
acid uptake inhibitor is indicated. 

12. The use as claimed in claim 1 1 wherein the medicament is for the prophylaxis or 
treatment of atherosclerosis. 

13. A process for the preparation of a compound as claimed in claim 1 which comprises 
at least the step of: 

(a) Wherein n = 0 and R* and R^ are hydrogen, reducing the imine bond of a 
compound of formula (II): 
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wherein 1, R, R 2 R 4 to R 7 and X are as hereinbefore defined; or 

(b) wherein n = o and R* is not hydrogen, by alkylation of the corresponding 
compound of formula (II); or 

(c) wherein n = o and R3 is hydrogen, by cyclising a compound of formula 
(VIII): 




(VIE) 



wherein 1, R, R 1 , R 2 , R 4 to R 7 and X are as hereinbefore defined and L 1 is 
halogen, by treatment with a strong base; or 

(d) wherein n = o and R* and R 3 are both hydrogen, alkylating a compound of 
formula (XIII) 




(Xffl) 



wherein L R, R 4 to R 7 and X are as hereinbefore defined; or 
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(e) by reaction of a compound of formula (I) wherein R 4 is C2-6 alkenyl with 
gaseous hydrogen halide to give the corresponding compound of formula (I) 
wherein R 4 is halogen substituted C?_6 alkyl or; 

(f) wherein n = 0 and R 3 is not hydrogen, by N-alkylation of the corresponding 
compound of formula (II) with an alkyl halide. followed by reduction to the 
compound of formula (I); or 

(g) wherein n is 1 or 2, oxidation of the corresponding compound of formula (I) 
wherein n is 0; or 

(h) wherein n is 1 or 2. oxidation of the corresponding compound of formula 
(EI) wherein n is 0 prior to cyclisation and reduction to the compound of 
formula (I). 

14. A method of inhibiting the absorption of bile acids from the intestine of a mamrp^ 
such as a human, which comprises administering an effective bile acid absorption 
inhibiting amount of a compound of formula (I), as defined in claim 1, or of formula 
(la) as defined in claim 5 or of a phannaceutically acceptable salt, solvate, or 
physiologically functional derivative thereof to the mammal. 

15. A method of reducing the blood plasma or serum concentrations of LDL and VLDL 
cholesterol in a mammal, such as a human, which comprises administering an 
effective cholesterol reducing amount of a compound of formula (I), as defined in 
claim 1, or of formula (la) as defined in claim 5 or of a phannaceutically acceptable 
salt, solvate, or physiologically functional derivative thereof to the mammal. 

16. A method of reducing the concentrations of cholesterol and cholesterol ester in the 
blood plasma or serum of a mammal, such as a human, which comprises 
admini stering an effective cholesterol and cholesterol ester reducing amount of a 
compound of formula (I), as defined in claim 1, or of formula (la) as defined in 
claim 5 or of a phannaceutically acceptable salt solvate, or physiologically 
functional derivative thereof to the mammal. 

17. A method of increasing the faecal excretion of bile acids in a mammal, such as a 
human, which comprises administering an effective bile acid faecal excretion 
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increasing amount of a compound of formula (I), as defined in claim 1, or of formula 
(la) as defined in claim 5 or of a pharmaceutically acceptable salt solvate, or 
physiologically functional derivative thereof to the mammal. 

18. A method for the prophylaxis or treatment of a clinical condition in a mammal, such 
as a human, for which a bile acid uptake inhibitor is indicated, for example, a 
hyperlipidaemic condition, such as atherosclerosis, which comprises administering a 
therapeutically effective amount of a compound of formula (I), as defined in claim 1, 
or of formula (la) as defined in claim 5 or of a pharmaceutically acceptable salt, 
solvate, or physiologically functional derivative thereof to the mammal. • 

19. A method of reducing the incidence of coronary heart disease-related events in a 
mammal, such as a human, which comprises administering an effective coronary 
heart disease-related events reducing amount of a compound of formula (I), as 
defined in claim 1, or of formula (la) as defined in claim 5 or of a pharmaceutically 
acceptable salt, solvate, or physiologically functional derivative thereof. 

20. A method of reducing the concentration of cholesterol in the blood plasma or serum 
of a mammal, such as a human, which comprises administering an effective 
cholesterol reducing amount of a compound of formula (I), as defined in claim 1 or 
of formula (la) as defined in claim 5; 
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21 . Intermediates of formula (II), 




(n) 
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